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POSITIVE CONTROL OF MATERIALS IN MOTION 


B-1-F MODULAR DESIGN 


increases versatility, cuts maintenance 
in time-duration telemetering receivers 


bers -FHovidente Chronofio in both 


compact 4" strip chart and 12” circular chart receivers 
completely redesigned to meet today’s demands! 


POWER SUPPLY MODULE 


a 


High, enduring accuracy better than 0.5° of full 


scale over 5:1 flow range (10:1 optional at extra cost) 


High speed operction, high repeatability due to 
new compact, balanced-movement design of power 


CONTROL SWITCH MODULE positioner mechanism 


Application versatility up to 8 alarm or control 
switches for compact 4” recorder up to 16 for 12 
circular chart receiver. Potentiometer for electrical 
summation and data logging-computing. (Switches 


potentiometers optional.) 
Faster, quieter response, low power consumption 
DC power supply nominally rated at 35V 12to 20 


watts depending upon arrangement 


BUILDERS PR 


METERS FEEDERS contros / 


mplete details, request literature TH-C, free of charge. Write 

mpany letterhead for B-I-F’s new 52 page Telemetering Hand 

k available at $ per B-I-F Industries, Inc., 368% 
Harris Avenue, Providence 1, Rhode Island 
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SAFER, MORE EFFECTIVE MUNICIPAL 
SEWAGE TREATMENT 


Exclusively 
Successful 
Sewage 


Treatment 
Equipment 


Pleasant Hills Authority, Pennsylvania 


Consoer, Townsend & 
Associates—Engineer Swing Diffuser Air Diffusion Equip- 
The Rust Engineering ment for Dependable, Continuous 
Company—Contractor Aeration. 


SP-5 Pumps for High Head, Heavy 
Duty Raw Sewage Pumping 


OTHER CHICAGO PUMP 
Aer-Degritter Grit Removal System 


EQUIPMENT AT for Controlled Washing, Transport- 
PLEASANT HILLS ing and Concentrating Grit 


Chicago C 


Non Clog Sewage 


Pumps Scru-Peller Pumps for Clog-Proof 


Utility Water Pumps Primary Sludge Pumping 


Precision Diffuser Tubes 


Chicago-Cyclotherm Sludge Heat 
Exchanger and Digester Heater 


inf 
Potting téeet to Werk See your Distributor for further informa 
tion. Distributors located in principal 
Cities throughout the United States and 
Foreign Countries, or write Chicago Pump. 


FOOD MACHINERY AND CHEMICAL CORPORATION 
HYDRODYNAMICS DIVISION 


CHICAGO PUMP 


622 DIVERSEY PARKWAY + CHICAGO 14, ILLINOIS$ 
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Modern Sewage Treatment at Connersville. : : : 
. Embodying the following features, the Connersville, 


Indiana Sewage Treatment plant is serving the 
community efficiently and economically— 

P.F.T. Dual Digestion. Not only do the two 65’ 
P.F.T. Floating Cover Digesters receive the normal 
domestic wastes, but in addition, they receive 
garbage collected weekly from residential areas. 
This highly volatile waste, after a grinding process, 
is pumped directly to the P.F.T. digesters. 
Compactness. The Control Building is located in 
the center of the aeration and settling tanks and 
simplifies the control of plant operations. Expansion 
of the plant will be possible without disrupting 
operation because of this structural arrangement. 
Equipment. Besides the two 65’ P.F.T. 

Floating Covers, Connersville also has a #750 

P.F.T. Heater and Heat Exchanger Unit, 

and P.F.T. Gas Safety Equipment. 

Engineering. Garns and Moore and Associates, Inc., 
Indianapolis were the Consulting Engineers. 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 RAVENSWOOD AVENUE, CHICAGO 134, ILLINOIS 


PORT CHESTER, -¥. © SAN MATEO, CALIF. © CHARLOTTE, N.C. © JACKSONVILLE + DENVER 
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NICHOLS “ROTO-PLUG” 


lowers installation costs 
reduces operating costs 


The Nichols ‘‘Roto-Plug”’ Sludge Con- 
centrator lowers installation costs by 
eliminating expensive vacuum and filtrate 
equipment, chemical mixing and feeding 
equipment, and conditioning equipment. 

“Roto-Plug” reduces operating 
costs because it dewaters sludge “as is”, 
eliminating high chemical conditioning 
costs and high filter media maintenance. 

For full details of the “Roto-Plug” write 
for a copy of our 4-page folder RP-100. 


NICHOLS 


80 Pine Street, New York 5, New York 
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Health, Box 210, Jacksonville 1, Fla 
Georgia Water and Sewage Assn.* 
Rosert S. Sec.-Treas., Prof. of Applied 
Biology, Ge« Institute of Tech., Atlanta, Ga. 
(Germany) rtechnische Vereinigung 
Otto Pa .) Trea Bertha-von-Suttner- 
Platz 8, Bonr 
Indiana Water Pollution Control Assn, 
Victor G AGNER, Sec.-Treas., St. Dept. of 
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Montana Sewage and Industrial Wastes Asan. 
Ww Div. of Environ 
Mont 
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Sanit., State Board of Health, Helena, 


Nebraska Sewage and Industrial Wastes Asan. 
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New England Water Pollution Control Assn. 
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serfachleute 


Pierre 
Switzerland 
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Texas Water and Sewage Works Asen.* 
G. R. Herzrx, Jr., Sec.-Treas., Div. of San. Engr., 
State Dept. of Health, Austin, Tex 


Assn. 


Utah Water Pollution Control 
2500 S. State 


A. ANveRTON, Sec.-Treas., 
St., Salt Lake City 15, Utah 


Virginia Industrial Wastes and Sewage Works 


Asan. 
Orvat J. Hann, Sec.-Treas., Hercules Powder Co., 
Hopewell, Va 


West Virginia Water Pollution Control Assn. 
O. Forrney, Sec.-Treas., State Dept. of 
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M.O.P. 7-SEWER MAINTENANCE 


complete coverage for protecting 
a $15 billion investment 


a first in the field 

64 pages 

68 references 

$1.00 to members; $1.50 to others 


see coupon on page 66la 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 


6274 
| 
| 
| 
Bi 
pet 
= 
e 
@ 
| 


MEMBER ASSOCIATION MEETINGS 


Association * Date Place 


New York Jan. 18-20, 1961 Park Sheraton Hotel, New York City 


Utah Feb, 6-7 University of Utah, Salt Lake City 


Feb. Condado Beach Hotel, Santurce 


Puerto Rico 


ISP, South African Mar. 6-10 Muizenberg Pavilion, Capetown, South Africa 
Branch (England) 


Robert E. Lee Hotel, Jackson 


Mississippi 


Texas Mar. 12-17 Texas 4 & M, Student Center, College Station 


& New Jersey Traymore Hotel, Atlantic City 
net Arkansas Marion Hotel, Little Rock 
Sy West Virginia West Virginia Hotel, Bluefield 


Kansas Apr. 12-14 Saker Hotel, Hutchinson 


Arizona Apr. 20-22 San Marcus Hotel, Chandler 


Apr. 26-2 Hotel Miramar, Santa Monica 


California 


Virginia May 9 Hotel Chamberlain, Old Point Comfort 


Alabama June 5-7 University of Alabama, Tuscaloosa 
fs 
tf Central States June 7-9 Leland Hotel, Springfield, D1. 


Towa June 7-9 The New Inn, Okoboji 


* See preceding left-hand page for full name. 


THIRTY-FOURTH ANNUAL MEETING 


Water Pollution Control Federation 


Host—Central States Sewage and Industrial Wastes Association 


Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 


Hotel Headquarters—Schroeder 
October 9-12, 1961 


a 
: 
ti wie 


629a 


JOURNAL WPCF 


ATLANTA, GA. 
CHILLICOTHE, O. 


HOPEWELL, VA. 
JACKSONVILLE, FLA. 
JOHNSONBURG, PA, 
KALAMAZOO, MICH. 
KENNEWICK, WASH. 
MACON, GA. 
MARCUS HOOK, PA. 
MENASHA, WIS. 
MIDDLETOWN, 0. 
Wh it to New OMLEANS LA. 
LEANS, 
en iF comes PINE BLUFF, ARK. 
PORT ST. JOE, FLA. 
SAN FRANCISCO 
(PORT CHICAGO), CALIF. 


SAVANNAH, GA. 
TACOMA, WASH. 
VANCOUVER, WASH. 
WISCONSIN RAPIDS, WIS. 
+. and soon 
EL SEGUNDO, CALIF. 


liquid or dry 


GENERAL CHEMICAL 


As one of America’s primary producers of aluminum sulfate, General Chemical 
has established a network of strategically located plants from coast to coast. 
Those listed above can provide you with a close, convenient source of supply. 
These modern plants are located in the heart of active consuming areas. They 
facilitate service to you. They save transportation costs. In addition, our chain 
of warehouses across the country makes stocks of dry aluminum sulfate readily 
available everywhere. Write or phone today for further information on how these 


facilities can be put to work for you. 


GENERAL CHEMICAL DIVISION 


Basic to 
40 Rector Street, New York 6, N.Y. 


America’s Progress 


CLEVELAND, 0. 
; DENVER, COLO. 
DETROIT, MICH. 
E. ST. LOUIS, ILL. ah 
Z = 
Come to 
| 
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FOR A CENTURY 
= WITH A RIVER 
g ON ITS BACK 


At left, you see a length of cast iron 
pipe being installed under the Floyd 
River in lowa. This is part of a water 
feeder main which will reinforce the 
existing water supply system. 

Despite the severe conditions of a 
river overhead, the inherent rugged- 
ness of cast iron pipe promises at 
least a century of trouble-free per- 
formance, and rarely requires repairs 
or replacement. 

And cast iron pipe’s cement lining 
assures a continued full flow of water 
year after year. It’s no wonder that 
more than 90% of the pipe used for 
water supply systems in our 50 
largest cities is cast iron pipe! 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 


CAST IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 
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“It's an experiment... Ev'rybody 
claims layin’ Tyton is as easy 


as fallin’ off a log.” 


FOR WATER, SEWERAGE AND 
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almost as easy! 


In their enthusiasm our hillbilly pals sometimes 
exaggerate 


Tyton Joint® pipe isn't quite as easy to install as 
falling off a log. But almost! One simple accessory 
and you're in business! No bell holes. No nuts, bolts, 
pots or ladies. Fewer weather delays, too. Tyton" 
can be installed in rain or wet trench, if need be. 
And even inexperienced crews can lay it. 


Want more working days, less time, trouble in the 
trench? Tyton Joint pipe is your answer. 
Get the facts. Call or write today. 


U.S. PIPE AND FOUNDRY COMPANY 
General Office: Birmingham 2, Alabama 


INDUSTRIAL SERVICE 


TYTON 


ONLY FOUR SIMPLE ACTIONS 


Insert gasket with groove over bead in gasket seat 
a simple hand operation 


Wipe film of Tyton joint® lubricant over inside of _ 
gasket. Your receiving pipe is ready 


Insert plain end of entering pipe unti! it touches 
gasket. Note two painted stripes on end 


Push entering pipe until the first painted stripe dis- 
appears and the second stripe is approximately flush 
with bell face. The joint is sealed... bottle-tight, 


p y' The job's done fast, efficiently, 
economically. Could anything be simpler? 
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The City of New Albany, Indiana, recently 
placed in operation a single plant which com- 
bines both mixed refuse and sewage sludge dis- 
posal functions. The installation of the C-E 
Incinerator Stoker and the C-E Raymond 
Flash Drying System at this same site enables 
New Albany to benefit from the economies 
inherent in a dual purpose plant. 

Two C-E Incinerator Stokers with a daily 
capacity of 80 tons each, reduce refuse to a 
sterile ash that is free from clinkers and suit- 
able for use as a sanitary land fill. ““No-cost” 
Btu’s from the burning refuse are used by the 
C-E Raymond Flash Drying System for drying 
the sludge. The utilization of this heat elimi- 


New Albany 
operates combined 
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nates all auxiliary fuel requirements. 

Primary sludge filter cake is reduced to 
approximately 8 per cent moisture content in 
the C-E Raymond Flash Drying System. The 
dried product can be sold for use as a soil condi- 
tioner to help defray plant operating expenses, 
with any excess being burned in the refuse 
incinerator. 

Each of these C-E systems has been service- 
proved in installations large and small, and the 
combination furnishes a dependable and eco- 
nomical solution to a community’s sewage- 
refuse disposal problems. Your nearest C-E 
office has more information readily available 
to you or your consultants. 


mixed refuse and 
sewage sludge disposal facilities 
at same plant site 


COMBUSTION Ky ENGINEERING 


Tne Municipal Sewage Treatment 
and Incinerator Plant at the City 
of New Albany, Indiana, contains 
the C-E Raymond Flash Drying 
System and two C-E Incinerator 
Stokers. 

Consulting Engineers: 

Consoer, Townsend & Associ- 
ates, Chicago. 
Contractors: 

Fruin-Colnon Contracting Com- 
pany and C&C Construction Com- 
pany (a joint venture), Fort Wayne, 
Indiana. 


Raymond Division: 427 West Randolph Street, Chicago, Ill. 
Eustern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 615 South Flower Street, Los Angeles 17, Calif. 
CANADA: Combustion Engineering-Superheater Ltd. 


C-293A 


All Types of Steam Generating, Fuel Burning and Related Equipment; Nuclear Reactors; Paper Mill Equipment; Pulverizers; Flash Drying Systems; Pressure Vessels: Soil Pipe 
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This, believe it or not, is a wall mounted chlorinator. Its attractive appear- 


ance is our way of showing how proud we are of the advanced operating 
parts hidden behind the front panel. For example: This is the first wall 
mounted chlorinator ever to feature a single stack regulator. Simple, com- 
pact appearance belies the fact that it can handle up to 200 pounds per day 
of chlorine more accurately, dependably, and safely than any other chlo- 
rinator with the single exception of its big brothers. It is so completely corro- 
sion-proof in the right places that we have little hope of ever selling replace- 
ment units. In short, we have never been happier with any product than 
we are with the new Series 3600 chlorinators . 


Should you wish to order one of these 

beauties sight-unseen, on our say-s0, we 

can deliver immediately from warehouse 

stocks across the country. If not, your local 
F&P field office will gladly demonstrate the 
3600 Series at your plant, at your 
convenience. Call for an appointment. 

Or, write for complete information in 

Bulletin 70C3600. Fischer & Porter Company, 
1220 Fischer Road, Warminster, Pa. 


FISCHER & PORTER COMPANY 
INSTRUMENTATION AND CHLORINATION 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth: FISCHER & PORTER (CANADA) 
LTD., DOWNSVIEW, ONTARIO © FISCHER & PORTER LTD., WORKINGTON, CUMBERLAND, ENGLAND © FISCHER & PORTER GmbH. 
GROSSELLERSHAUSEN, BE! GOTTINGEN, GERMANY © FISCHER & PORTER NV, KOMEETWEG 11, THE HAGUE, NETHERLANDS « FISCHER & 
PORTER Pty LTO, 184 HANNA ST , SOUTH MELBOURNE, VICTORIA, AUSTRALIA. 
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FOR RELIABLE 


PLANT PIPING 


In congested plant areas housing vital and 
costly equipment, major piping materials 
must, above all, be reliable. Conclusive evi- 
dence of concrete pressure pipe’s reliability 
lies in its unexcelled record for durability, 
trouble-free service and exceptional safety. 

Plant piping must also be adaptable. The 
tailor-made characteristics inherent in con- 
crete pressure pipe design make it an ideal 
material to meet the complexities of accu- 
rate entry into structures, and of precise 
juncture with other types of pipe and fit- 
tings within the limited confines of plant 
buildings. 

Dependable, maintenance-free, and with 
sustained high carrying capacity, concrete 
pressure pipe assures reliable plant piping, 
whether for water or sewage treatment 
plants, for industrial supply lines, or for 
cooling or process water systems. 


WATER FOR GENERATIONS TO COME 


E PRESSURE PIPE ASSOCIATION 
228 North LaSalle Street, Chicago 1, Illinois 
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“Hey, Hartley— 


it’s the white pipe again. 


The infiltration can’t be 
in this line!” 


You can thank Johns-Manville’s patented Ring-Tite 
Joint which cuts ground water infiltration to a mini- 
mum. It’s exclusive on Transite®, the white sewer pipe. 

On a recent sewer project, specifications called for 
an extremely exacting infiltration test. What was the 
outcome? At final inspection, infiltration in the Tran- 
site line was 80°. less than specification. What does 
this mean? Important savings! Volume of sewage to 
be treated is kept to a minimum... treatment plant 
operates as designed. The plant’s reserve is conserved 
for future service. 

Transite, made of tough, durable asbestos and 
cement, with its tight joints, offers many other sav- 
ings. The long, light-weight lengths and sure coupling 
methods reduce trenching and installation costs. Tran- 
site’s low coefficient of friction means faster flow and 
shallower trenches. Preventive maintenance with 
Transite will save you thousands of dollars 

Take it from Hartley—Transite can provide impor 
tant economies in all sewer projects. Get all the detail 
on Transite, the white sewer pipe. Send for your fact 
and data book today! Write Johns-Manville, Box 14, 
JW-1, New York 16, N. Y. In Canada: Port Credit, 
Ontario. 


JOHNS-MANVILLE 


TRANSITE PIPE 


JM 
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SeweRodeR cleans far more sewer 
per man... per day... per dollar! 


Public officials concerned with greater efficiency and upgrad- 
ing working conditions in the Sewer Department will want to see 
a SeweRodeR demonstration when the team comes to their area. 
They'll see how one operator can rod from manhole to manhole 
non-stop, reaming out sludge and obstructions and restoring free 
flow in a matter of minutes. They’ll see “case histories” showing 
the SeweRodeR can save up to $264 per mile in cleaning costs, 
and pay for itself in six months! 

They'll like these exclusive advantages: positive chain and 
dog non-slip rod drive; audible safety clutch to protect tools, pipe 
and machine; push-pull power from 4 to 4,000 lbs., instantly 
reversible; ability to work water-filled manholes; and many more. 


FLEXIBLE inc. 


HOW YOU CAN SEE SeweRodeR IN ACTION 


many cities and will notify you well in 


| advance. Be prepared to compare your 
415 So. Zangs Bivd., Dallas, Texas | present sewer cleaning methods and 
| 
| 
| 


3787 Durango Ave., Los Angeles 34, Calif. 
1005 Spencerville Road, Lima, Ohio 


costs with SeweRodeR. You may discover 
an entirely new approach to saving im 
portant budget money! 


Write for date of demonstration in your 
area. We are making arrangements in 
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Rodney Hunt gates of tough Everdur withstand 
bleach-plant acid and pulp-mill wastes 


4 


er ind stry at the Coving- 


waste-treat 
nd Paper Co. Everdur was specified for mix }-chamber gates to 


Resists corrosion. Sewage treatment and 
waterworks equipment of Everdur* has 
been in service without replacement for 20 
vears and longer. 

Toughness. Everdur also possesses high 
strength and resistance to wear and abrasion 
-so that engineers can use lighter weight 
wrought material in their designs. 

Readily fabricated. Alloys of Everdur are 
available for hot or cold working, welding, 
free machining, forging and casting — and 
can be obtained in plates, sheets, rods, bars, 


angles, channels, tees, I-beams, wire, tubes, 
electrical conduit and casting ingots. 

Write for Publication E-11, “Everdur Cop- 
per-Silicon Alloys for Sewage Treatment and 
Waterworks Equipment” — or for technical 
help in selecting the correct material for your 
job. Address: Anaconda American Brass Co., 
Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 


*Reg. U.S. Pat. 57131L 


EVERDUR Anaconda’s family of Copper- Silicon Alloys 


ANACONDA AMERICAN BRASS COMPANY 
STRONG - WORKABLE - WELDABLE - CORROSION-RESISTANT 
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How to increase 
aeration capacity 
without adding 
new tankage 


Here is the new activated sludge system at 
York, Pa. Sewer Authority. Plant capac- 
ity is higher than ever before, yet not a 
cent has been spent for new basins 

Four Permutit® Permaerators make up 
the heart of the system, The unit you see 
being installed is capable of transferring 
115 lb. of oxygen per hour with a com 
pressed air flow of only 420 cfm 

High efficiencies of this type are possible 
by utilizing atmospheric air entrained by 
the upper turbine of the Permaerator. In 
addition, the upper turbine redisperses 
compressed air released from a sparge ring 
beneath the lower turbine. 

Albright & Friel, the consulting engi- 
neers, recommended Permutit Permaerators 
because of their high efficiency, rugged 
construction, and low initial cost. By the 
installation of four Permaerators, the sys- 
tem’s ability to handle higher hydraulic 
and biological loadings was significantly 
increased. Since Permaerators are adapt 
able to old as well as new basins, this in- 
crease in treatment capacity was achieved 
without construction of any additional 
tankage 

What York has done, you too can ac- 
complish. If you need to increase the ca- 
pacity of your activated sludge plant with 
a minimum of capital expenditure, consider 
the Permutit Permaerator. For further in- 
formation, write for Bulletin 4619. Permutit 
Division, Dept. JWP-120, 50 W. 44th 
Street, New York 36, N. Y 


*FLUIDICS is the Pfaudler Permutit pro- 
gram that integrates kn 
ment and experience in solving problems 
involving fluids 


ledge, equip- 


Twin-t 


arbor 
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FLUIDICS* at 


ed unit being instalied here is one of four Permutit Permaerators now in use at 
one in each of two aeration tanks, and two in the return sludge stabilization tank 


PFAUDLER PERMUTIT inc. 


wd Specialists in FLUIDICS... the science of fluid processes 
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"Mr. Kent, what 
0 you consider 
the toughest 
problem in 

pumping raw 


< sewage?” 


End Plate off 


“Towels can jam the works, but good!” 
says Cecil Kent, owner, Sanitation Service 
Company, Jacksonville, Florida. “I've had 
‘em clog conventional pumps so bad, it 


meant a shutdown 
from two hours to 
two days. 

“That's why I've 
standardized on Gor- 
man-Rupp sewage 
pumps. And what a 
difference! Fewer 


Model 1442-8 Sewage Pump 


shutdowns . . . clog- 


“Turkish 
towels!” 


Towel out 


End Plate on 


ging cleared in just three to fifteen min- 
utes! This cuts average maintenance costs 
from $120 to only $12 per pump per year. 
On my 21 Gorman-Rupp pump installa- 
tions, that adds up to a whopping big sav- 
ing. Over $2200 a year on parts, packing, 
materials, and labor. 

“Sure, I had a problem—but no more!” 

Thrifty, trouble-free, self-priming Gor- 
man-Rupp sewage pumps—2”, 3”, 4” or 
6” sizes—can be connected to your power 
or ordered complete with power units. 
Write for complete specifications. 


THE GORMAN-RUPP COMPANY 


305 Bowman Street 


Mansfield, Chio 


Gorman-Rupp of Canada, Ltd., St. Thomas, Ontario 


od 
11-2207 
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100% FLUID CONTROL AT YOUR FINGERTIPS 
with Homestead Lubricated Plug Valves. When open, they provide full 


pipe - sized passage to fluids. Closed, their controlled high pressure lubricant 


system, plus extremely close plug and body tolerance, guarantee a com- 
plete chemical seal—positive shut-off without contamination of line fluids. 
Instant response is sure, too, because piston-like movement of plug during 
each lubrication prevents sticking. They are low in first cost—low in upkeep. 


Write for complete details. 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P.O. Box 48, Coraopolis, Pennsylvania 


Gentlemen: Please send me Catalog 39-1 and prices 
on Homestead Lubricated Plug Valves 


Name. 


Company 
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Spray application of Rigortex 3310 Enamel, hot-applied vinyl, to con- 
crete pipes. 2630 gallons of Primer and Enamel were used on this job. 


Inertol’ Hot-Vinyl Coating Protects 
South River Interceptor Sewer Pipe 


As part of New Jersey’s Raritan River 
clean-up project, the Middlesex County 
Sewerage Authority was to lay 25,370 lineal 
feet of concrete interceptor sewer pipe. In 
addition to domestic sewage, the pipe was 
to carry harsh acid and alkaline industrial 
wastes. 

Too big a job for bituminous coatings, 
consulting engineers Bogert and Childs 
specified the Inertol Rigortex® 3310 Hot- 
Vinyl System. It has outstanding resistance 
to chemical conditions—including hydrocar- 
bon wastes. It bonds exceptionally well and 
provides high-velocity flow. It is economi- 
cal—gives almost 5 times as great mil thick- 
ness per coat as cold-applied vinyls, plus 
30% savings in labor, and 10”, in material. 


First, one coat of Rigortex 3310 Primer 
was applied by spray (dry film thickness of 
1.5 mils). Then one coat of Rigortex 3310 
Enamel was applied by hot-spray (4.5 mils), 
producing the specified total dry film thick- 
ness of 6.0 mils. 

A paint best suited to your problem can 
be selected from Inertol Company’s com- 
plete line of protective-decorative coatings. 
Buy Inertol paints direct from manufac- 
turer. Shipment within 3 days from our 
plant or warehouse stocks in your area. 
Write for Rigortex 3310 specifications on 
your letterhead, giving your title. For full 
specifications on Inertol coatings for sew- 
age plants and water works, ask for free 
booklet SI-482-27H. 


A complete line of quality coatings for water, sewage and 
industrial wastes plants and swimming pools. 


a> 


INERTOL CO., INC. 


482 Frelinghuysen Ave., Newark 12, N. J. © 27-H South Park, San Francisco 7, Calif. 
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NEW SUTORBILT 
SERIES 3200 
BLOWERS 

AND GAS PUMPS 


with one-piece shafts 
or greater efficiency at increased 
horsepower and pressure ratings 


New Series 3200 Sutorbilt lobe-type rotary positive blowers and gas pumps 
feature one-piece shafts. Forged from a single billet of 4140 alloy steel, 
they are slip fitted through—and bolted to—the impellers at the gear end. 


Why a One-Piece Shaft? These heavy duty, high performance units must 
operate safely from 800 to 20,000 cfm at pressures from 2 to 10 psi. 
Incorporating this advanced shaft design in all 42 sizes eliminates using the 
drive impeller to transmit power . . . and greatly reduces the torsional 
deflection of the shaft between the timing gears and the impellers. And this 
one-piece shaft also eliminates adding outboard bearings for V-belt drive 
with normal working loads. 


Other Outstanding Features include oversize heavy duty, anti-friction roller 
bearings with lip-type oil seals, machined sub-bases, alloy steel precision 
machined helical timing gears piloted to the shafts for concentricity, close 
grain cast iron impellers and a reversible oil pump with an oversize sump 
that eliminates the need for an oil cooler at ambient temperatures below 
125°F. In gas and high vacuum pumps, mechanical seals prevent leakage 
or gas contamination. 


For more information and detailed specifications on these powerful, peak- 
performance units, write today, Department E. 


Representatives in principal cities. Consult your classified telephone directory 


CORPORATION, 2966 EAST VICTORIA ST. ¢ COMPTON, CALIF. 
SUBSIDIARY OF FULLER COMPANY e@ CATASAUQUA, PA. 


~ 
. 
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“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 

eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 


Since there’s never a charge or obligation to inspect your 
mains, call National now! 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street * New York, N.Y. 


ATLANTA 3, GA., 333 Candler Building * BERKELEY, CALIF., 920 Grayson Street ° 
BOSTON 15, MASS., 115 Peterboro Street * CHARLOTTE, N. C., 533 Hollis Road * 
CHICAGO, ILL., 8 So. Dearborn Street * DECATUR, GA., P. O. Box 385 * EL MONTE, 
CALIF., 2024 Merced Avenue * FLANDEALU, S. D., 315 N. Crescent Street * KANSAS 
CITY, MO. 3707 Madison Avenue * MINNEAPOLIS, MINN. 200 Lumber Exchange 
Building * OMAHA, NEBR., 510 Standard Oil Bldg. © RICHMOND 21, VA., 2910 W. Clay 
Street * SALT LAKE CITY, UTAH, 502 West 3rd Street * SIGNAL MOUNTAIN, TENN., 
204 Slayton Street * VILLA PARK, ILL., 424 S. Yale Avenue * MONTREAL, CANADA, 
7445 Chester Avenue * WINNIPEG, MANITOBA, 576 Wall Street * BOGOTA, COLOM- 
BIA, Apartado de Correos +5 * SAN JUAN 10, PUERTO RICO, Manquinaria, Apartado 
2184 * LIMA, PERU, Bolivar 441-A, Marafi * CARACAS, VENEZUELA, Apartado 561 ° 
HAVANA, CUBA, P. O. Box 531 * OSLO, NORWAY, Radhusgaten 30 
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IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 


strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


1OWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


1OWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


Whit Topay {or 


FLAP VALVES—ali 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


IOWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


IOWA company 


For 50 years a reliable source for 


2 precision engineered products 


/ 


A Subsidiary of 
James B. Clow & Sons 


Oskaloosa, lowa 
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3-WAY CAPABILITY of the RSR 
Clarifier to make high-volatile 
sludge, low-volatile sludge and 
clarified effluent separation is 
illustrated in the cutaway 
drawing. 


NOW... Rapid, 


continuous sludge removal 


VISUAL 

EVIDENCE 

of sludge flow 

as it enters the col- 

lecting launder. Note 

in particular the flexibil- 

ity provided for varying 

sludge flow from each indi- 
vidual uptake pipe. 


with the new DORR RSR CLARIFIER 


For rapid removal of fresh sludge on 
a continuous basis, the Dorr® RSR 
Clarifier affords visual evidence of 
quality and quantity of sludge 
removed from secondary clarifiers. 
This is accomplished by removal of 
sludge from the entire floor area by 
rotating uptake pipes. Simple adjust- 
ment provides for controlled rate of 
sludge removal from each individual 
pipe. 

In operation, a combination of 
rake and deflector blades channel the 
fresh sludge to an area under the 


withdrawal pipes where the sludge 
is lifted by hydraulic head to the col- 
lecting launder. Sludge flows from 
the launder to a sump for recycling or 
wasting following conventional prac- 
tice. The sweeping action of the rake 
blades also provides for removal of 
grit and other inorganic material 
without dewatering the tank. 

For information on the RSR Clari- 
fier and on the complete line of Dorr- 
Oliver equipment and methods for 
sewage treatment, write Dorr-Oliver 
Incorporated, Stamford, Conn. 


DORR-OLIVEF 


WORLD-WIDE RESEARCH * ENGINEERING * EQUIPMENT 
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Sewage Works 


THE EFFECTS OF ABS ON ANAEROBIC SLUDGE 
DIGESTION 


By Joun W. HerNnanpez AND Don E. BLoopGoop 


Associate Engineer, Environmental Sanitation Services, New Mexico Department of Public 


Health, Santa Fe, N. Mex.; and Professor of Sanitary Engineering, 


Much experimental work has been 
carried out during the past ten years 
to determine the effect of synthetic 
detergents on sewage treatment proc- 
esses and on stream purification. The 
inereased use of detergents for indus- 
trial and household purposes has made 
them a common constituent of domestic 
sewage. Treatment plant operators 
have associated many of the new prob- 
lems in sewage treatment to this in- 
creased use of synthetie detergents. 

Three basic types of synthetic de- 
tergents are manufactured; anionic, 
cationic, and nonionic. Anionic deter- 
gents are of principal interest, as 80 
to 90 per cent of all synthetic deter- 
gents produced are of this type (1) (2). 
Alkyl benzene sulfonates (ABS) are 
reported to make up approximately 50 
per cent of the anionic detergents sold 
(3). 

The concentration of syndets in do- 
mestic sewage appears to be from 1 
to 10 mg/1, although some reports of 
higher coneentrations are found. 

The amount of synthetie detergents 
removed with primary sludge appears 
to be in doubt. Reports of the quan- 
tity of syndets removed from raw 
sewage vary from 30 to 50 per cent 
(4), 10 to 25 per cent (5), 33 per cent 
(6), and 2 to 4 per cent (7). Me- 
Gauhey and Klein (7), in reporting 
concentrations of 2 to 4 per cent, 
state that “reports of 30 per cent or 


Purdue University, Lafayette, Ind. 
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greater removal of ABS by sedimenta- 
tion are based on methods of analysis 
which are shown to be grossly inaeeu- 
rate.’’ 

Of particular interest are studies 
concerned with the effect of syndets on 
anaerobic sludge digestion. Principal 
references in this area include Rudolfs 
et al. (8), Rudolfs (9), Manganelli 
(10), Degens et al. (11), Roberts and 
Lawson (12), and Bloodgood and 
Johnson (13). There also appears to 
be some disagreement among these 
writers. Rudolfs (9), in a diseussion 
of an article by Flett and Hoyt (4), 
states that ‘‘Carefully controlled ex- 
periments have shown that 0.2-per cent 
anionic detergents on a dry solids basis 
present during digestion, has no effect ; 
that with 1 per cent there is some re- 
tardation, but no material effect; but 
when the percentage of detergents be- 
comes higher, the effects become seri- 
ous.”’ Manganelli (10) carried out 
laboratory studies by adding 10, 25, 50, 
and 100 mg/l of three package syn- 
thetie detergents (one anionic, one 
cationic, one nonionic) to a 1:1 ripe 
sludge-fresh solids mixture, and allow- 
ing the mixture to digest for 31 days 
at 20°C. No inhibition or retardation 
of the digestion process resulted at 
lower levels while a slight retardation 
in gas production oceurred at the high- 
est level (100 mg/l). Degens ef al. 
(11) found that for syndet coneentra- 
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tions of less than 500 me/1, surface ac- 
tive reduc- 
tion in methane production resulted in 


ingredients, no noticeable 
laboratory digestion units, while con- 
centrations of 1,000 to 5,000 me/] in- 
hibited methane gas production. 

Raybould and Thompson (6) 
that the addition of 
active 


report 
600 me 1 surface 
additives) to an 
initially inhibited 
Gas production recov- 
leveled 
the 
production rate observed in a control 


material (no 
operating digester 
vas production 
and 
cent of 


ered in about month 


off at 85 to 95 


one 
per eas 
digester. When a syndet containing 
builder 


digestion 


additives or materials 
added to a unit, a much 
longer lag in gas production resulted. 
Raybould and Thompson (6) 


Was 


indicate 
that the builder material may be more 
troublesome than the detergents them- 
selves. These investigators report that 


secondary alkyl sulfates were com 
pletely destroyed in digestion but that 
only 15 to 20 per cent of the alkyl 
aryl sulfonates were destroyed in the 
digestion process 

Roberts and Lawson (12) report 
syndet coneentrations of 1.15 per cent 
of the dry matter in digested sludge at 
the Litchworth 
two investigators conducted laboratory 
experiments to determine the fate of 
synthetic detergents in sludge diges- 
tion. A three raw 
sludge and one part digested was inecu- 
bated for 31 days 


of syndets at the beginning of the di- 


sewave works. These 


mixture of parts 


The concentration 
gestion period was 1.25 per cent on a 
dry After the 31-day 
digestion the syndet conecen- 
tration had increased to 1.35 per cent, 


basis 


matter 
period, 


while the volatile content of the mix- 
ture was reduced from 69 to 52 per 
cent. Roberts and Lawson (12) eon 


elude that the syndet associated with 


sludge voing into a digester is broken 
down to a very limited extent 
Bloodgood 


ducted laboratory stidies on the effect 


and Johnson 13 con 


of ABS and vegetable oil on anaerobie 


The ABS concentration in 


digestion. 
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December 1960 


digester 


a laboratory was increased 
from 58 to 95 mg/l with a single ad- 
dition of 37 mg/1 ABS and then daily 
additions of 3.7 mg/l were made in 
order to maintain a net increase of 
37 mg/l with a daily removal of 100 
ml. They concluded that the presence 
of ABS in a concentration of 95 me/1 
will result in a serious decrease in gas 
production, a decrease in the destrue- 
tion of volatile matter, and a decrease 
in pH. 

Results of some of these studies are 
expressed as ‘“‘packaged synthetic de- 
and 
‘*surface active 
tion of 


terms of 
The 
material in a 
packaged product varies from 20 to 35 
per cent | 14 
kept in mind in evaluating reported 
studies. 


tergents’’ others are in 


material. por- 
surface active 


This factor should be 


Laboratory Studies 
The 


appear to be somewhat contradictory ; 


results of these investigations 
therefore, a laboratory study was un- 
dertaken to the effects on 


sludge 


investigate 
anaerobic sewave digestion of 
the addition of an anionic synthetic 
detergent to a 
unit. 

The apparatus 
sisted of two typical laboratory diges- 


laboratory digestion 


experimental con- 


tion units. Each unit consisted of a 
four-liter aspirator bottle with open- 
ings at the top, and on one side at 
the bottom. The top opening was fitted 
with a two-hole rubber stopper; one 
for feeding, and the second for gas 
removal. The bottom hole was fitted 


with a one-hole stopper and glass tube 
to permit withdrawal of the material. 
Three 


sludge 


digesting 
cent 


liters of a sewage 


(five-per solids ) were 
placed in eaeh aspirator bottle, and the 
three-liter level marked. Gas was col- 
lected in two sets of one-liter cy linders 
inverted in two-liter evlinders. Tap 


water Was used as a liquid seal be 
the and 
The one-liter cylinders floated 


free ywhen buoyed up by digester gas, 


tween one-liter two-liter cyl 


inders. 
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Both digestion units were housed in a 
common incubator at 35°C. The gas 
colleetion cylinders were located out- 
side the incubator, and were therefore 
subject to changes in room tempera- 
ture. 

Previous investigations (13) have 
shown that laboratory scale digestion 
studies carried out under earefully 
controlled conditions are practical, and 
that two or more laboratory digestion 
units Operated in the same manner may 
be expected to produce approximately 
equal volumes of gas. To accomplish 
the objectives of this study, two labora- 
tory digestion units were set up and 
operated for 37 days, with equal vol- 
umes of digested sludge removed daily, 
equal volumes of raw feed sludge added 
daily, and equal daily mixing given 
each unit. 

After the two digestion units had 
been operated in a similar fashion for 
37 days, periodic additions of an 
anionic synthetic detergent were made 
to the test digestion unit, and the ef- 
fects of the increased concentration 
observed by various digestion indexes. 


Summary of Initial Phase 


Each day during the first 37-day 
period, both units were serviced in a 
similar manner. Daily servicing con- 
sisted of (a) mixing by vigorous shak- 
ing, (b) reading gas volume and re- 
leasing gas pressure, (¢) removing a 
small volume of digesting sludge mix- 
ture (50 to 100 ml), (d) replacing this 
volume with fresh raw sewage sludge, 
and (e) mixing and incubating for 24 
hr. The organic loading, added daily 
to the two units, was increased in four 
increments to a daily loading of 3.5 
o@/day of volatile solids. ‘Once reached, 
this organie loading was maintained 
throughout the study. Minor varia- 
tions in daily gas production occurred 
during the initial buildup’? phase. 
However, the difference in eumulative 
vas production at the end of the pe- 
riod was 190 ce of gas, or approxi- 
mately 0.33-per cent difference in the 
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two units. The total gas production 
during this period was 56,335 ee for 
the test unit, and 56,145 ce for the 
control unit. Similarity of operation 
of the two units was also observed by 
the determination of volatile acids, pH, 
and total and volatile solids for each 
unit. From experimental data, the 
two units were operating in a like 
manner. 


Addition of ABS to a Laboratory 
Unit 
Operation 


The second phase of the investiga- 
tion was conducted as a study of the 
effects of the addition of ABS to one 
of these laboratory units on the con- 
tinuous anaerobic sludge digestion 
process being carried out. Periodically 
throughout this second phase, the 
concentration of anionie synthetic de- 
tergets in the test unit was increased 
by the addition of a solution of ABS. 

In order to correlate data obtained 
with that from other studies on syn- 
thetic detergents, a standard anionic 
detergent was used. Such a standard 
anionic detergent was formulated by 
the Association of American Soap and 
Glycerine Producers as a reference ma- 
terial for use in laboratory investiga- 
tions. 

The two digestion apparatus were 
serviced and operated in the same fash- 
ion throughout this part of the study, 
as in the initial phase, with the ex- 
ception of the addition of ABS to the 
test unit. A standard stock solution 
of ABS was prepared, which contained 
1,000 mg 1 of ABS. The level of the 
concentration of ABS in the test unit 
was increased six times during this 
second phase; the increase being 10 
mg/l on each oceasion by the addition 
of 30 ml of the standard stock solution 
to 3 liters of the digesting sludge mix- 
ture in the test unit. The standard 
stock solution was ‘‘added’’ direetly 
to the test unit by means of a pipette. 
The term ‘‘added’’ refers to the ABS 
not naturally present in the sewage 
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sludge, and that which was ‘‘added’’ 
in the form of ABS standard stock so- 
lution. 

Small additions of ABS to match ap- 
proximately daily withdrawals of 
‘‘added’’ ABS were made to the test 
unit. The daily addition of these small 
quantities of ABS was based on two 
important assumptions. The first as- 
mixing before 
daily withdrawals, a homogenous mix- 
ture was removed, and that the amount 
of *‘added’”’ ABS withdrawn daily was 
proportional to the concentration of 
‘‘added’’ ABS in the test unit. The 
second assumption was that no de- 
composition of the ‘‘added’’ ABS takes 
place with the digestion of organic 
material. 


sumption was that by 


As noted above, the first addition 
of ABS to the test unit was 30 mg 
or 10 mg/l. During the 10 days which 
followed the first addition, daily 


servicing was performed on each unit. 
No daily additions of ABS were made 
during this first 10-day period. 
Routine observations of pH, total 
and volatile solids, volatile acids, and 
each 


gas production were made for 
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unit. None of these parameters of 
sludge digestion gave any indication of 
a change in the digestion 
either laboratory unit. 


process in 


Results 


At the end of 10 days, the concen- 
tration of ‘‘added’’ ABS was 7.8 mg/1. 
Thirty milligrams of ABS were then 
added to the test unit, and a second 10- 
day observation period followed. Daily 
servicing was carried out during this 
period with small daily additions of 
ABS to the test unit. No adverse 
effect on the digestion process was ob- 
served during this period. The concen- 
tration of ‘‘added’’ ABS was then in- 
creased, third 10-day period 
followed. Once again, this increase in 
‘“*added’’ ABS caused no marked detri- 
effects. A pictorial presenta- 
tion of the gas production for the first 
ABS may 
be found in Figure 1. 

The cumulative gas production for 
this 30-day period was 63,320 ee for 
the control unit, and 62,595 ce for the 
test unit, or approximately a 1-per cent 
variation in the two units. 


and a 


mental 


three increases in 


Likewise, 
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FIGURE 1.—Daily gas production for first three increases in added ABS. 
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IN CC PER DAY 


GAS PRODUCTION 
» 


TEST UNIT 


o—————© CONTROL UNIT 


TIME 


other parameters measured showed 
little if any variation in operation of 
the digestion units. The calculated 
concentration of ‘‘added’’ ABS at the 
end of this 30-day period was 28.3 
mg/1. 

The concentration of ‘‘added’’ ABS 
was again increased by 10 mg/l for the 
fourth time. The first significant dif- 
ference in daily gas production in the 
two units occurred after this addition. 
The ‘‘added’’ ABS concentration had 
been increased to 38 mg/l. As may be 
seen from Figure 2, a sharp decrease 
in gas production in the test unit re- 
sulted. In order to evaluate this de- 
crease in gas production, a 19-day 
observation period followed. Usual 
daily servicing and small daily addi- 
tions of ABS to the test unit were car- 
ried out during this time. The aver- 
age daily gas production for the con- 
trol unit during the 19-day period was 
2,440 ce, as compared to 2,235 ee for 
the test unit. The difference in daily 
gas production between the two units 
leveled off at from 150 to 200 ce/day, 
or approximately a 7-per cent reduc- 


IN DAYS 
FIGURE 2.—Daily gas production after fourth increase in ABS. 


12 14 


16 18 


tion in the daily gas production. Small 
daily additions of ABS to replace 
‘‘added’’ ABS removed by daily with- 
drawals of digested sludge did not ap- 
pear to have any detrimental effect on 
daily gas production, as the difference 
in daily gas production between the 
two units became relatively constant 
within 12 days. 

After 19 days the ABS concentra- 
tion was increased, this time to 49 mg/1 
‘added’? ABS. The difference in daily 
gas production in the two units  be- 
came greater with this addition of 
ABS. The average daily gas produe- 
tion, in the 10 days which followed, 
was 2,600 cc/day for the control unit. 
and 2,321 ec/day for the test unit. 
The daily difference again leveled off 
at 250 to 300 ce difference per day, 
indicating no serious inhibition in the 
digestion process (Figure 3). Volatile 
acids concentrations and pH values of 
the two units were similar throughout 
this 10-day period. 

As a 10-per cent reduction in gas 
production appeared to be the only 
difference in operation of the two units, 
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FIGURE 3.—Daily gas production after fifth increase in ABS. 
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the concentration of ‘‘added’’? ABS 
Was again increased by 10 mg/1 to 
m@/l ‘‘added’’ ABS. serious 


disruption in the digestion process in 
the test unit resulted as shown by: (a) 
gas production decreased by 1,370 ce 
the first day after the addition of ABS, 
and continued to decrease to virtually 
no gas production (Figure 4), (b) 
the volatile concentration in- 
creased from 120 to 5,560 mg/l as 
acetic acid after the final addition of 
ABS (Figure 5), (c) the pH decreased 
from 7.2 to 6.9 the first day after the 
final addition of ABS, and continued 
to decline through the next 20 days, 
(d) the volatile solids in the test 
unit increased 65.9 (average 
value for previous 10 days) to 70.0 
per (average value for next 20 
Other physical phenomena 
which are sometimes characteristic of 
‘poor’? and observed 
during the final period of operation 
of the test unit were: (@) sour, dis- 
agreeable odor; (b) color change from 


acids 


from 


cent 
days). 


digestion were 


dark green-black to gray; (¢) solid 
material forming whitish foam or 
scum; (d) cloudy, supernatant layer 
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FIGURE 5.—Volatile acids concentration after final addtion of ABS. 


with some floating solids; and (¢) solid 
material lifted as a body to the sur- 
face of the liquid in the digestion unit. 
Subsequent analysis of the contents 
of the test unit for ABS showed the 
concentration to be 107 mg/l ABS. 
Analysis of sewage sludge or even sew- 
age by the conventional methyl green 
method (2) is not possible. 
tion of the ABS to the 
suspended solids does not permit a 
true analysis. A modification of the 
method suggested by Roberts and Law- 
son (12) was used in this analysis. 
The concentration of ABS per gram 
of total solids in the test unit 
found to be 3.353 mg/g. Samples of 
digested sludge from an operating field 
digestion tank were also analyzed for 
ABS. The average concentration of 
ABS in this functioning field unit was 
272 mg/l, but the concentration of 
ABS per gram of totai solids was only 
2.0 mg/g. 


Adsorp- 


surfaces of 


was 


Conclusions 
Based on the laboratory studies car- 
ried out, the following may be con- 
cluded : 
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1. Two conventional laboratory an- 
aerobic sludge digestion units, when 
operated under equal conditions of 
daily withdrawals, mixing, and feed- 
ing, may be expected to produce ap- 
proximately equal volumes of gas, and 
to function in a similar manner. 

2. A gradual increase in the concen- 
tration of alkyl benzene sulfonate by 
periodic additions of an ABS solution 
to a laboratory digestion unit has no 
apparent effect on the digestion process 
until the concentration of the ‘‘added’’ 
ABS (ABS in excess of that present 
in the raw feed sludge) reaches a 
higher level, when a noticeable decrease 
in daily gas production may be ex- 
pected. 

3. Subsequent increase in the con- 
centration of ‘‘added’’ ABS will re- 
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sult in larger decreases in daily gas 
production. 

$4. An increase in the concentration 
of ‘‘added’’ ABS will be reached 
which will result in a serious disrup- 
tion of the digestion process, such that 
the anaerobic decomposition of organic 
solids and gas production will cease. 

5. The important relationship ap- 
pears to be the ratio of ABS to total 
solids, or possibly to particle surface 
area. No work was done to evaluate 
the surface area consideration, but the 
fact that digestion units are operating 
satisfactorily with 272 mg/l ABS indi- 
cates that concentration alone is not 
the dominant factor. An ABS concen- 
tration of 3.3 mg/g of total solids will 
result in a serious disruption of the 


digestion process. 
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The plaque-forming activity of vi- 
ruses in tissue culture (1) lends itself 
to the enumeration of several kinds 
of enteroviruses in sewage. Heretofore, 
demonstrations of enteroviruses in hu- 
man wastes have been qualitative. 
This report describes a quantitative 
method for their detection in sewage 
and its use for the estimation of entero- 
virus densities. 


Methods 


Samples of raw and treated sewage 
were collected from several treatment 
plants as the liquid expressed from 
cheesecloth swabs exposed to flowing 
sewage for from 24 to 48 hr. This 
sampling technique has been valuable 
for the detection of bacterial (2) and 
virus pathogens (3) that may occur 
intermittently in sewage. It was ob- 
served that these swab expressions con- 
tained enteroviruses and bacteria from 
two to four times more often than 
comparable catch samples (3) (4). Sev- 
eral catch samples were also obtained. 
The volume of swab expression was 
approximately 0.1 1; that of catch 
samples, either 0.4 or 41. All samples 
were concentrated on Dowex 1 resin 
(3), eluted, treated with antibioties 
and diethyl ether to reduce bacterial 
and fungal contaminants, and stored 
in a dry-ice chest. The eluates were 
added in 0.5-ml amounts to mono- 
layers of monkey kidney epithelium 
tissue that had been grown several 
days in 4-0z bottles. The inoculated 
tissue cultures were rinsed with 199H 
solution one-half hour later and over- 
laid with a nutrient agar containing 
neutral red (5). They were ineubated 
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at 33°C and examined daily for plaque 
formation until the tissue degenerated. 
Virus presence was confirmed by propa- 
vating a salt diffusate from the plaques 
in tube cultures of monkey kidney 
epithelium tissue. Viruses were identi- 
fied serologically by neutralization 
tests. A few eluates were also tested 
for plaque formation in bottle eul- 
tures of FL amnion cells (6). 

Virus densities were estimated from 
the number of plaques formed, cor- 
rected for the total volume of sample. 
The results are expressed as number 
of plaque-forming units (PFU) in 100 
ml of swab expression. A sample cal- 
culation follows: 


(Given: 


Number plaques formed = 4 
Volume inoeulum (m1) = 65 
Volume concentrated 

sample (ml) = 10 
Volume swab expression 

(ml) = 100 

Then: 
4X 10 = 80 PFU/10 ml eon- 
0.5 


centrated sample 
Or: 
80 PFU/100 ml swab expression. 


To relate the values found in the 
swab expressions to those expected in 
catch samples, on which other 
parameters of sewage are usually 
based, the extent of concentration by 
the swab sampling technique was de- 
termined. A comparison was made 
of the densities of enteroviruses and 
coliform bacteria and of values for 
nitrogen, chloride, and chemical oxi- 
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Frequency Distribution of Values for the Density of Enteroviruses in 


Swab Expressions of Sewage 


PFI 


dation demand in swab expressions and 
Parallel 


exposing 


comparable catch samples. 


samples were obtained by 


swabs to raw sewage for periods of 
from 1 to + hr 


catch samples according to flow dur- 


and by compositing 


ing the same periods. Fifty-milliliter 
100 
ml of the composite samples were con- 


volumes of the swab pressings or 


centrated as deseribed, for the estima- 
PFU/100 ml 


sample and as per cent of tube eul- 


tion of enteroviruses as 


tures of monkey tissue show- 
cellular Coliform 
bacteria were estimated as most prob- 
able MPN 100 ml of 
sewage confirmed test (7 

demand (COD 
Was expressed as mg/l by the acid di- 
chromate 


kidney 
ing degeneration, 


number per 
by the 


Chemical oxidation 


method (7 organie and 
ammonia nitrogen as mg/l by the total 
Kjeldahl method (8 and ehlorides 


as mg/l by the Mohr method (7 


TABLE II. Kinds and Typical Densities of 
Enteroviruses in Swab Expressions 


Swal Density 


1es PFU 100 mil 

20 
100 
oO 
100 
160 
100 
1) 
10) 
20 
20 
80 
10 
20 


20) 


*B = Coxsackie virus Group B:E = 
virus; and P = Poliovirus 


ECHO 


100 ml 


Total 
No, of 


120 


Results 

Table 
enteroviruses found in the swab expres- 
sions. Densities below 20 and 
400 PFU 100° ml not demon- 
strated by this method. Most (90 per 
cent) of the samples in which PFU 
found 100 PFU, 100 
less/ml swab ex- 


summarizes the densities of 


above 
were 


were contained 


ml or less, i.e., 1 or 
pression. 

At least 14 kinds of viruses were 
PFU (Table IT). They 


were usually isolated as single strains ; 


isolated as 


isolations of two viruses from one 


plaque were rare. Fifteen per cent of 
the samples contained mixtures which 
were resolved by propagating virus 
from two or more plaques. 

The values of all parameters of sew 
ave measured were higher in the swab 
expressions than in the eateh samples 
(Table IT] 
factors found were: 
10 times; 


9 times: 


Maximum concentration 
coliform bacteria, 
COD. 
The ceon- 


enteroviruses, 9 times; 
nitrogen, 3 times. 
for all parameters 


but the coliform bacteria increased in 


centration factor 


the swab expressions with inereasing 


periods of exposure to sewage up to 
the third hour. 
with time in the swab expressions oc- 


The greatest changes 
curred in the COD values, which in- 
10-fold in the 4-hr period. 
Nitrogen inereased 3 times and entero- 
Viruses, 5 


creased 


times. Values in the com- 
posite samples did not reflect the in- 
creases, 

In another these 


parameters and of chlorides in samples 


comparison of 


collected over a 48-hr period, maximum 
concentration factors were observed as 


x 
= 
20 10 60 80 100 ; 
1956 2 | 7 
1958 7 7 2 28 
| 
Viruses* Ieolated from ; 
Expressions as Pla 
B 
B,, I 
B, 
By, B 
: 
P,, B 
B,, Es 
B 
P,, P;, B 
P,;, I 
E 
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TABLE III. —Values of Parameters in Hourly Swab and Composite Samples of 
Infiuent Sewage 
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CoD @/i) N (mg/1) Coliform Bacteria Viruses 
(MPN /100 ml) (PFU/100 ml) 
Sampling 

Swab Composite Swab Composite Swab Composite Swab Composite 


| 562 512 57 63 
2 2,640 671 108 5S 
3 5,540 540 175 {8 
} 1.760 630 152 49 


follows: coliform bacteria, 100 times; 
nitrogen, 10 times; COD, 16 times; 
chlorides, 1.7 times; and enteroviruses, 
4 times. The greatest increase in con- 
centration factor in the swab expres- 
sions took place for coliform bacteria 
during the first 12 hr; for nitrogen 
and COD, in the first 18 hr; and for 
chlorides and viruses, in 42 hr. These 
changes were not reflected in the values 
from the composited samples. 

When the maximum concentration 
factor of 9 is used to relate the density 
of enteroviruses in swab expressions to 
that expected in catch samples of sew- 
age, densities of from < 2 to 44 PFU 
100 ml sewage may be predicted. 
Densities within this range of values 


400 


10° 1.5X 108 30 20 
2.4 X 10° 4.6 X 10% 20 20 
1.6 10° 4.3107 10 
2.4 10° 2.4 108 160 20 


were found in the single 4-1 catch sam- 
ple tested and in a 4-hr composite 
sample. 

The enterovirus densities were esti- 
mated in samples collected at differ- 
ent periods of the year, and part of 
the variation noted, from < 20 to 400 
PFU/100 ml, may be attributed to the 
seasonal occurrence of enteroviruses. 
Figure 1 illustrates the fluctuation in 
enterovirus densities found in the swab 
expressions according to week of col- 
lection. Peak densities were usually 
found in August and early September, 
the period which coincides with that 
of maximum frequency of isolation. 
Minimal or undetectable amounts were 
encountered from December through 
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FIGURE 1.—Density of enteroviruses in PFU/100 ml swab expression 


according to months, 1956-1959. 
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TABLE IV.—Enterovirus Densities at Various Stages of Sewage Treatment 
(PFU/100 ml swab expression)* 


Plant taw 
Primary | 
Treatment Trickling 
Filters 
54 15 
b 124 90 68 
c 160 <20 
d 100 100 
e 100 <2 
f 80 <20 


* Average of from 1 to 15 samples per value. 


May. The distribution of kinds of 
enteroviruses during the year has been 
discussed previously (9). 

The densities also varied with the 
kind of sewage sampled (Table IV). 
Swab expressions from raw sewage 
gave higher enterovirus densities than 
those from treated sewage, as might be 
expected. The density in effluents was 
similar to that in raw sewage at three 
primary treatment plants and was sev- 
eral times less in two other plants. 
The density in effluents of trickling 
filters was from 2 to 8 times less than 
in raw sewage and was still less in ef- 
fluents that were chlorinated. In sam- 
ples from sewage aerated with ae- 
tivated sludge it was no more than 
one-fifth that from untreated sewage. 
These reductions after treatment verify 
previous observations of the effective- 
ness of sewage treatment in removing 
enteroviruses. 

Replicate estimates made on different 
days, using different lots of tissue 
and involving additional freezings and 
thawings of the samples, had an aver- 
age deviation from the mean of 30 
PFU/100 ml, no greater than that in 
replicate estimates made the same day 
using the same lot of tissue. The esti- 
mates of density in FL amnion tissue 
cultures were too few to compare with 
those made in monkey kidney tissue. 
It was noted, however, that if densities 
in this series of samples were high 


Effluent 


Secondary Treatment 


Secondary 


Secondary Returned 
Settling and Aeration Settling | Sludge 
Chlorination 
99 
<20 
<20 <20 28 


when measured by one technique, they 
were usually high by the other tech- 
nique. This measure of variation is 
complicated, of course, by the selective 
action of the two kinds of tissue eul- 
tures for viruses. 


Discussion 


The density of enteroviruses in sew- 
age is low in comparison with that of 
coliform bacteria, the indicator of sew- 
age pollution. This suggests that even 
at the height of the enterovirus season 
the population is discharging entero- 
viruses in small amounts. The low 
densities are probably not the result of 
inactivation of viruses en route to the 
plant since detention by primary treat- 
ment does not invariably affect the 
density. The density of coliphage (10) 
is higher than that of the enteroviruses 
encountered here, an expected differ- 
ence, perhaps, since the host for the 
phage is abundant in sewage. The 
densities of Salmonella and other bac- 
terial pathogens in sewage are reported 
by some to be higher than (11) (12) 
and by others to be the same as (13) 
(14) those found for the enteroviruses. 

The presence of minimum densities 
of virus in the winter months indicates 
that there is a small constant reservoir 
of enterovirus infection in the popula- 
tion regardless of season. 

The failure of the swab expressions 
to exhibit a concentration factor for 
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chlorides that certain 
ponents of sewage, perhaps those in 


sugvests com- 


ionie form, are not ‘‘caught’’ by the 
swab. 
This method does not measure the 


density of enteroviruses which do not 
form plaques readily in the tissue eul- 
tures cited. 


Summary 


The density of plaque-forming enter- 
oviruses in sewage, estimated from the 
density of PFU in swab expressions, 
was from < 2 to 44 PFU/100 ml. Re- 
sults of estimates using catch samples 
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were in this range. Highest densities 
were found in August and early Sep- 
tember and in samples of raw rather 
than treated sewage. The enteroviruses 
isolated as PFU were identified as 
strains of Coxsackie, ECHO, and polio- 
viruses. The extent to which certain 
components of sewage were concen- 
trated by the swab was demonstrated. 
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TEMPERATURE REQUIREMENTS FOR ODOR 
DESTRUCTION IN SLUDGE INCINERATION 


By SAWYER AND A. KAHN 


Vetealf & Eddy, Boston, Mass. 


Incineration of sludges from sewage by the anaerobic flotation method (1 
and industrial waste treatment opera- and incinerated without the addition 
tions is becoming more and more com- of chemicals, it was deemed necessary 
mon as land areas for lagooning or to determine whether sludges thick- 
drying beds become more difficult and ened by this method had unusual tem- 
costly to obtain. Furthermore, mu- perature requirements for odor de- 
nicipal officials and regulatory agencies — struction. 
are becoming reluctant to sanction 
such land disposal because of the pub- Method of Study 
lie health aspects related to initial Sludges 


storage and final disposal. The former 
rag disposi Primary sludges of widely differing 


is of much concern where raw or poorly er . . ; 
characteristics were obtained from six 


digested sludges are spread in open treatment plants in Massachusetts and 


Rhode Island as shown in Table I. 
Three of the sludges were predomi- 


areas, since insects and rodents can 
utilize the organic matter to feed and 


breed; an the latter is of concern . 
1; and the er 18 Of concer nantly primary sludges and three econ- 


tained waste activated sludge. All 
plants received industrial waste to 


because final disposal of sludge often 
becomes the responsibility of farmers, 


truck and landscape gardeners, and — 
f some degree. 
others who may ho care QO 
saf lhe primary sludges were condi- 

t ; accepter sale practices Tor the use tioned in four ways for odor destrue- 
of such materials. . . 

Incineration of sludges usually 


eliminates the public health problems 1. Raw sludge, centrifuging, 

of sludge disposal but it does not 2. Raw sludge, chemical conditioning 
necessarily insure complete elimina- and vacuum filtration, 

tion of nuisances. Fly ash and odor 3. Anaerobic flotation, no treatment, 
problems are rather common and are and 

becoming more so as expanding popu- 4. Anaerobic flotation, lime to pH-9. 
tions encroach on sewage treatment ; 
plant sites. Although tall stacks are a The character of the sludges used oy 
frequent solution to the problem, there terms of . volatile solids and volatile 
are many situations where geographi- @¢1ds was as given in Table HH. 
eal conditions and prevailing winds Digested sludge was obtained from 


bring about complications. A notable five of the plants. The sludges hdres 
example was at Pittsburgh where pub- elutriated, conditioned with ferric 
lie clamor, aroused by obnoxious odors, chloride, and yacuum filtered in prepa- 
forced a shutdown of the incinerators "#tion for testing. 

after 514 months of operation. eas... 
Beeause of the unusual aspects of Apperatus 
the problem at Pittsburgh where pri- The studies on required tempera- 
mary sludge was being concentrated tures for odor destruction were econ- 
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TABLE I.--Source and Nature of 
Primary Sludges 


Relative 


> Primary 
ated Wastes 
Boston, Nut Island Vv ++ 
Bueklin Point + + ++ 
Cranston \ ++ 
East Providence* 
Leominster 
Providence 


* Contains trickling filter humus. 


ducted in a Lindberg combustion 
furnace. An extra long transparent 
combustion tube was used so that the 
samples contained in *‘boats’’ could be 
heated in the tubes outside the furnace 
and only the vapors from drying of 
the sludge passed through the combus- 
tion furnace. In this way, conditions 
comparable to actual incineration prac- 
tice were simulated. Two ‘‘boats’’ 
were normally inserted in the drying 
section of the tube. One contained 
wet sludge and the other dried sludge. 
The latter was included to yield some 
vapors from charring reactions that 
are known to occur in sludge drying. 
Air was supplied to the system by 
means of a small air pump and the 
flow was controlled by measurement 
with a rotameter to allow a 0.7-see ex- 
posure in the combustion furnace. The 
gases escaping from the furnace were 
collected in polyethylene bags for odor 
evaluation. A diagram of the experi- 
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TABLE II.—Character of Primary 
Sludges Used 


Volatile Acids 


Volatile 


Source Solids 
(per cent) After 
Raw Flotation 


Boston, Nut Island 82.8 840 = 3,400 
Bucklin Point 78.4 150) 3,360 
Cranston 78.2 820 3,900 
East Providence | §6.2 37 2.075 
Leominster 83.0 120) 9400 
Providence 72.2 150 1010 


mental apparatus is shown in Figure 

The temperature indicator on the 
furnace was calibrated by inserting a 
thermocouple inside the combustion 
tube under actual operating condi- 
tions. Tests on each sludge were initi- 
ated at the highest temperature, usu- 
ally 1,450°F, and then decreased at 
50°F intervals, in order to avoid carry- 
over of odorous materials from one 
test to another. New portions of 
sludge were used for each temperature 
studied and the discharge end of the 
combustion tube was cleaned before 
starting a new series of studies with 
a different sludge. 


Odor Panel 


The original plan was to use about 
five women and five men as a test 
panel. The use of women had to be 
abandoned as they found odors on 


LINDBERG 


WET SLUDGE 
DRIED 
ROTAMETER 


COMBUSTION 
FURNACE 


POLYETHYLENE 


FIGURE 1.—Experimental apparatus for odor destruction studies. 
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TABLE III. 


Source of Sludge 


Centrifuged 


Boston, Nut Island l 
Bucklin Point l 
Cranston ] 
East Providence 1,350 
Leominster 
Providence 


* Actually 
some people. 
fT Conditioned with FeC] 


threshold 


temperature 


occasion so that they re- 
fused to Many of the 
men, particularly heavy smokers, had 
extremely 


repugnant 
collaborate. 


and unreliable 
After much trial and error, a 
Each 
man made an independent evaluation 
and the 
(pungent) or F 


insensitive 
noses. 
panel of five men was selected. 
results were recorded as P 
(foul or 
and the degree of odor expressed as: 
0—none, 1—very slight, 2—slight, 3— 
distinet, 4—-decided, and 5—extreme. 

The recorded data were analyzed 
by one person to obtain critical tem- 


nauseous ), 


peratures as reported in this paper. 


Results 


A total of 29 sludge samples were 


subjected to test involving 174 odor 
evaluations by each of five people. 
The results of the study are sum- 


marized in Table ITT. 

Because of the unusual amounts of 
volatile 
centrated by 
the 


sludges 


acids sludges 
flotation 
practice of ineimerating 

without pH adjustment, a 
study was made to determine the tem- 


present in con- 
and 


such 


anaerobic 


TABLE IV.—-Temperatures Required for 
Destruction of Odors from Volatile 
Fatty Acids 


lemperature 


Acid 
Acetic 1,370 
Propionic 1.370 
Butyric 1,425 
Caproic 1,425 
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Temperatures Required for Odor Destruction (°F )* 


Floated Sludge 


Digested? 


Lime 
Conditioned 


‘atment 


400 1,400 1,350 1,350 
1.350 1,250 1,300 
300 1,300 1,300 1,300 
300 1,300 1,250 1,300 
1,300 1,300 1,350 
300 1,300 


or temperature at which slight odor was apparent to 


peratures required for destruction of 
the low molecular weight fatty acids 
commonly sewage sludge. 
The results are given in Table IV. 


present in 


Discussion 


It has generally been regarded by 
designers of incinerator equipment that 
maintenance of a temperature of 
1,250°F in the deodorizition chamber 
is adequate for destruction of odors 
from Turk (2) has 
indicated that temperatures as high as 
1,500°F required ma- 
terials. The data obtained during the 
course of the study reported indicates 


sewage sludges. 


are for some 


that a reasonably safe temperature is 
1,350°F and that 
1,400°F would be required in some in- 


for most sludges 
stances. 

The economy of sludge incineration 
is seriously affected by the tempera- 
tures required for deodorization since 
heat the accord- 
ingly. Efforts to maintain adequate 


losses to stack vary 
temperatures in the deodorizing cham- 
ber often 
tion 
condueive to 


excessive combus- 
that are 
formation. As a 


result in 
chamber temperatures 
slag 
there is a tendency to 


operate at the lowest temperature pos- 


consequence, 
sible in the deodorizing zone. Because 
of fluctuations in sludge quality, par- 
ticularly with respect to moisture con- 
tent, an appreciable variation usually 


occurs in the temperature maintained 
The signifi- 


in the deodorizing zone. 


i 
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cance of these variations in relation 
to the type of sludge burned is shown 
in Figure 2. Assuming that the criti- 
cal level for odor destruction is 
1,350°F, a decrease in temperature to 
1,300°F could result in a significant 
odor problem, depending on the type 
of sludge. A further decrease to 
1,200°F or below could be extremely 
serious regardless of the type of sludge 
being burned, particularly when atmos- 
pheric conditions are unfavorable. 


SLUDGE INCINERATION 


Conclusions 


The temperature required for odor 
destruction varies somewhat with the 
character of the sludge processed and 
the method of concentration or con- 
ditioning. Sludges concentrated by 
anaerobic flotation did not have un- 
usual temperature requirements. The 
vapors from only a few sludges were 
adequately deodorized at 1,250°F. 
Most required a temperature of 1,300 
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FIGURE 2.—Relationship of odor level in stack gases to temperature of 
deodorizing zone for several types of sludges. 
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or and ai few required odorizing zone and that a factor of 
1400 1. safety be employed commensurate with 
2 The intensity of odors was appreci- atmospheric conditions and other local 


able at 50°F below the threshold level — factors. 
and severe at 10O°F below. 
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CONSTANT TEMPERATURE CONTROL UNIT 


Br 2. A. 


Robert A. 


CastELu, E. P. PENpDERY, AND R. C. PALANGE 


Taft Sanitary Engineering Center, Public Health Service, Department of 


Health, Education, and Welfare, Cincinnati, Ohio 


Many sewage treatment plants and 
laboratories find it necessary to carry 
out occasional examinations for BOD, 
but the sample load is not large enough 
to justify purchase of a constant tem- 
perature incubator. 

This paper describes a control unit 
for converting an ordinary home-type 
refrigerator to a constant temperature 
unit on an intermittent basis, as needed 
for incubation. The controls are de- 


FIGURE 
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signed to maintain a_ temperature 
within = 2°F between 60 and 100°F 
on a small home-type refrigerator that 


does not exceed a 2.5-amp load.  Be- 
tween such uses, the refrigerator may 
be used for its normal purposes. 
Materials 
Table I shows the necessary ma- 


terials for the unit. 


1.—Assembled constant temperature control unit. 
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FIGURE 2.—Details of assembly for constant temperature control unit. 
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TABLE I. ~-Bill of Materials for 
BOD Incubator 


Quantity Deseription 


2 Plugs 


l Electric heater unit: Chromalox No. 
HF-51, or equal 
l Multi-stage thermostat: Minneapolis- 


Honeywell No. T42K, range 60- 
100°F, or equal 


l Strip heater: Chromalox No. PT512, 
120 v, 125 w, or equal 

l Wiremold duplex receptacle 

2 Wire nuts 

6/32- 1/2—-long, round head ma- 


chine bolts and nuts 


Disassembly of Electric Heater Unit 


The assembled electric heater unit 
is shown in Figure 1. The following 
describes its disassembly. 


1. Remove metal band. See item 
4 in Figure 2. 

2. Remove metal screws on top, bot- 
tom, and front of heater. 

3. Remove heater control switch 
(not shown) from the front half of 
the heater and clip the four wires as 
close to the switch as possible; then 
clip the two heater element wires as 
close to the 1,320-w heater element as 
possible, and clip the two fan wires 
as far from the fan as possible. Re- 
move the 1,320-w heater from the front 
half of the heater. Save all wires and 
screws as these will be used in re- 
assembling the unit. The 1,320-w 
heater element and switch will not be 
used. 


Assembly of Control Unit 
Figure 3 shows the wiring diagram 
and the following describes the assem- 
bly procedure. 


1. Mark off, on the side of the front 
half of the unit and as near to the 
top as possible, the outline and mount- 
ing holes of the face plate for the 
thermostat (item 5 in Figure 2). Drill 
14-in. diameter holes for mounting and 
cut out the inner outline of the face 
plate. Mount the face plate with two 
each 6/32- x 1-in. long round head 
screws and nuts. 


2. Mark off the mounting holes for 
the duplex receptacle below the thermo- 
stat, with the receptacle positioned as 
close to the bottom of the unit as pos- 
sible and clip corner of the receptacle 
as shown (item 2 in Figure 2), so that 
the clipped corner will be in the lower 
right hand position. Drill Y-in. di- 
ameter holes for mounting and drill a 
hole large enough to pass two wires 
adjacent to the clipped end of the re- 
ceptacle as shown in Figure 2. Mount 
duplex receptacle with two each 6/32- 
x 14-in. long round head bolts and 
nuts. 

3. Mount the 125-w, 120-v_ heater 
unit (item 3 in Figure 2) in the space 
previously occupied by the 1,320-w 
heater element. Mount with the termi- 
nals on the bottom. 


AC 
60C| 


HEATER 


FAN MOTOR 
THERMOSTAT 


RECEPTACLE 


FIGURE 3.—Wiring diagram for constant 
temperature control unit. 
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4. Remove cover from the thermostat 
control (item 1 in Figure 2) and 
mount the control to the face plate. 

5. Connect two l16-gage wires, 12 
in. long, to the terminals of the heater. 

6. Connect two 16-gage wires, 12 in. 
long, to the duplex receptacle and pull 
through the hole at the bottom side 
of the receptacle. 

7. Connect a small jumper wire 
from terminal ‘‘W’’ to terminal ‘‘R’’ 
of the thermostat. Connect one 16- 
gage wire, 12 in. long, to terminal 
‘“*R’’ of the thermostat. 

8. Connect the end of one wire from 
the heater to terminal ‘‘B’’ on the 
thermostat. Connect the end of one 
wire from the receptacle to terminal 
of the thermostat. 

9. Connect the ends of the following 
wires together and secure with a wire 
nut: 


a. Wire from terminal ‘‘R’’ on 
thermostat 

b. One wire from fan 

¢. One wire from line cord 


10. Connect the ends of the follow- 
ine wires together and secure with a 
wire nut: 
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Wire from fan 
b. Wire from heater 

c. Wire from receptacle 
d. Wire from line cord 


11. Replace the fan and heater ele- 
ment into the front section of the unit 
with two metal screws. 

12. Join the front and rear sections 
together with metal screws at top and 
bottom. 

13. Replace metal band. 


Installation 


1. Place the control unit on the shelf 
inside refrigerator in an upright po- 
sition, 

2. Drill a hole through the refrigera- 
tor box so that the eable from the 
refrigerator can be plugged into the 
receptacle on the side of the control 
unit. 

3. Pass the cable from the control 
unit out the same hole to any 120-v 
AC power supply. 

4. Set the control for the desired 
temperature. 


Cost 


The estimated cost of this unit, ex- 
¢luding labor, is approximately $50. 
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Industrial Wastes 


EFFECT OF WHEY WASTES ON STABILIZATION 
PONDS 


By T. E. Manoney, H. F. Lupwie, J. A. Harmon, L. 


Biologist, Robert A. Taft Sanitary Engineering Center, Public Health Service, Cincinnati, Ohio; 
Consulting Engineer, Engineering-Science, Inc., Arcadia, Calif.; Supervising Sanitary 
Engineer, Bureau of Sanitary Engineering, California State Department of 


In September 1958, El Centro, Calif., 
placed in operation a sewage treatment 
plant consisting of primary clarifica- 
tion with separate sludge digestion, the 
clarifier effluent being introduced into 
ponds for aerobie stabilization. 

Figure 1 is an aerial view of the 
plant. The center portion of the photo- 
graph shows the three stabilization 
ponds surrounded by irrigated farm 
lands. In the lower left center are the 
two primary clarifiers and two sludge 
digesters. To the right are four sludge 
drying beds. 

The three ponds cover an area of 50 
acres and are operated in parallel. 
When the plant began operation, the 
sewage loading was considered to be 
primarily domestic in origin, with no 
significant industrial contribution. The 
city has a population of approximately 
18,000 and the sewage flow varies from 
1.5 to 2.0 mgd. When the plant was 
first placed in operation, the 5-day 
BOD after clarification was approxi- 
mately 210 mg/l. Thus the stabiliza- 
tion ponds received a BOD loading of 
between 50 and 70 Ib /acre/day. (1.15 
and 1.61 Ib day/1,000 sq ft). The 
sewage usually contained sulfides (2 to 
7 mg/l), and its only other unusual 
characteristic. was a high total dis- 
solved solids content of approximately 
3,000 mg/l which was primarily sodium 
chloride. The city’s water supply is 


Public Health, Los Angeles, Calif.; and City Manager, El Centro, Calif. 
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taken from the All-American Canal 
(Colorado River water) and has total 
dissolved solids and sulfate coneentra- 
tions of approximately 730 and 280 
mg/l, respectively. In June 1959 the 
total dissolved solids content of the sew- 
age dropped to about 1,500 mg/l. This 
drop was coincidental with a rise in air 
temperature to a steady daily maxi- 
mum of about 100°F and with an in- 
crease in the total daily flow; thus 
indicating that the salt pickup was 
probably caused by infiltration of 
ground water into the sewers. 

In general, the climatic conditions 
appeared to be ideal for the operation 
of stabilization ponds. Sunlight is 
abundant throughout the year, with 
only occasional cloud cover. During 
January, the coldest month, the 40- 
yr average maximum temperature is 
79.6°F and the minimum, 28.7°F. 
The average maximum and minimum 
temperatures during July, the warmest 
month, are 113.7°F and 66.1°F, respee- 
tively. During this 40-yr period the 
average annual rainfall was 3 in. 


Trouble with Plant Operation 


In December 1958, or about three 
months after the sewage treatment 
plant was placed into operation, odors 
were noticeable in the vicinity of the 
ponds. At about the same time an in- 
tense formation of gas bubbles was 
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FIGURE 1.—El Centro’s treatment plant and ponds. 


noticed in the three ponds and in the 
influent ditch feeding them. The odor 
was distinctly that of hydrogen sulfide 
and apparently was derived, at least 
in part, from the reduction of the sul- 
fates in the water supply. Shortly 
thereafter there reports of the 
paint on dwellings in the vicinity hav- 
ing been affected by the gas. 
January a_ black 
was found to be 


were 


Karly in 
sludge-like deposit 
spread over the bot- 
toms of the ponds. 
sis proved that the 
was due to 


Subsequent analy- 
black 
sulfides. 


coloration 

The liquid 
contained an abundance of green algae, 
primarily Chlamydomonas. 


iron 


Remedial Measures Taken 
Addition of Nitrate 


The nuisance caused by the odor was 
such that immediate remedial and pre- 
ventive measures had to be taken. In 
the middle 1959, 
four nitrate 


of January about 


tons of sodium powder 
were added to the ponds by airplane 
dusting to provide a chemical source 


of oxygen to prevent rapid reduction 


Nitrate treat- 
ment has been successful in preventing 


of sulfates to sulfides. 


sulfide odor nuisances in cannery waste 
lagoons (1) and in preventing anaer- 
(2). This 
amount of nitrate provided a nitrogen 
concentration of 20 mg/1, 


obie conditions in streams 


and there- 
after sodium nitrate was added to the 
pond influent to give a concentration 
of 5 mg/l nitrogen. 

The effect of nitrates as a remedial 
measure was difficult to evaluate. Fol- 
lowing their addition, ‘‘ white clouds’’ 
were time 
clouds 
were later found to be colloidal sulfur. 
No doubt, the addition of nitrate al- 
leviated the sulfide problem, but did 
not affect the tendency of the ponds to 
be anaerobic. 


from time to 


throughout the ponds. 


observed 


These 


Alterations in Pond Loadings and 
Depths 


In addition to nitrate treatment, al- 
terations in pond loadings were also 
made, with the flow distributed so as 
to overload 


one or more ponds and 
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FIGURE 2.—Chemical and physical characteristics of Pond 1, 1959. 
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FIGURE 3.—Chemical and physical characteristics of Pond 2, 1959. 
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underload others. In all cases the ef- 
fect of overloading was a further de- 
terioration (increase in sulfide produe 
tion), thus disproving the hypothesis 
that the ponds might be suffering from 
lack of sufficient nutrient for good algal 
growth. Also, in all cases a reduction 
in loading resulted in a prompt im- 
provement in pond performance, as in- 
dicated by a decrease in sulfide pro- 
duction and by an increase in the num- 
bers of species of green algae, such as 
Chlorella and NScenede SHLUS, considered 
preferable in sewage stabilization ponds 
(3). When the loading on a pond was 
stopped, the pond improved gradually 
and after about two weeks became aer- 
obie throughout its depth. Also, the 
algal population which became estab- 
lished was predominantly of desira- 
ble species. Nevertheless, these rested 
ponds were not ‘‘cured.’’ When nor- 
mal loading was re-established, they 
reverted promptly to their previous 
All these ex- 


periences indicated the presence of 


unsatisfactory condition 


res war apr mar 


FIGURE 4.—Chemical and physical characteristics of Pond 3, 1959. 


some toxic material in the ponds, the 
effect of which was felt promptly on 
the re-establishment of loading. 

Shifting the loadings among ponds, 
although not a cure, provided a tem- 
porary means for keeping the odors 
under control. As soon as the pond or 
ponds being overloaded showed high 
sulfides, the loading was shifted to the 
underloaded pond or ponds. 

Besides reducing the load on a pond, 
the depth was lowered in an effort to 
improve mixing of the top and bottom 
layers. This procedure was helpful 
too, but it did not bring about a 
permanent cure. 


Chemical and Algal Analysis 


To obtain information on what was 
happening in the ponds, surface and 
near-bottom samples were taken at 8 
1M and 4 pm at the effluent ends, and 
concentrations of dissolved sulfides and 
oxygen were determined. Three-day 
averages of these measurements from 
January to October, 1959, and other 
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FIGURE 5.—BOD of clarifier and pond effluents collected Apr. 8, 1959. 


pertinent information (including pond 
loadings), are shown in Figures 2, 3, 
and 4. The DO was determined by 
color comparison with standards from 
a field kit, which represented DO con- 
centrations from 0 to 10 mg/l. There- 
fore, although the DO often 
greater, the graphs do not show con- 
centrations over 10 mg/l. Since Pond 


was 


2 was dry from September 1 to October 


8, and Pond 3 from July 20 to August 


20, these data are not included. Sam- 
ples of the pond effluents were ex- 
amined weekly to determine the types 
and approximate quantities of algae 
Table I shows the variation 
in the green algae population as in- 
dicated by the various species in terms 
of per cent of total plankton organ- 
isms present. The presence of diatoms, 
filaments of blue-green algae, and other 
microorganisms accounts for the per- 


present. 
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centages of green algae not always 
being equal to 100. Examination of 
these data confirms the indication that 
the ponds were behaving as if they 
were ‘‘sick,’’ and that lessening of the 
loading and the depth was helpful, 
but did not enable them to recover 
fully. 

Studies also were made to determine 
the BOD exertions of the pond efflu- 
ents when incubated for a long time. 
Composite samples were taken from 
each pond and BOD values were de- 
termined after an incubation period of 
nine days. Prior to making the BOD 
tests, the samples were centrifuged to 
remove algae and other planktonic 
forms. Other suspended solids also 
were removed by the centrifugation. 
Curves showing the results of these 
tests are shown in Figure 5. 

The clarifier effluent produced a 
curve of reasonably normal shape with 
the 5- and 9-day BOD’s respectively 
being 210 and 255 mg/l. The pond 
samples, however, gave very irregular 
curves, with the uptake inereasing 
throughout the 9-day period. At two 
days, the rates appeared to be leveling 
off at low BOD values, but there was 
a subsequent sustained acceleration. 
While the BOD values at 5 days for 
Ponds 1, 2, and 3 were 45, 25, and 11 
mg/l, respectively, there was an in- 
erease to 85, 51, and 36 mg/] after 
9 days. 

In explaining the relative BOD’s of 
the three ponds, it should be noted that 
Pond 3, with the lowest BOD, had re- 
ceived no influent for two weeks and 
would be expected to contain less oxi- 
dizable material. Pond 1 was just re- 
covering from a period in which algae 
had been replaced by red sulfur bae- 
teria, and its oxidizing activity had 
been retarded. From these data it 
appears that, in spite of the associated 
problem of sulfides and odors, fairly 
good treatment was being achieved. 


Pond 1 showed a 67 per cent reduction 
in the 9-day BOD of the clarified in- 
fluent, while the reduction in Ponds 2 
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and 3, respectively, was 80 and 86 per 
cent. 


Search for Toxic Materials 


A search for toxic metals was made 
by collecting samples of the raw sewage 
flow composited for eight hours a day 
over a total period of approximately 
one week. This series of samples was 
analyzed by spectrographic methods, 
and no evidence of heavy metal con- 
tamination was found. 

To determine whether some toxie ma- 
terial in the city water supply was in- 
hibiting algal growth, bio-assays em- 
ploying unialgal cultures were carried 
out. Algal cultures were inoculated 
into city water, clarifier effluent, and 
filtered water from each of the ponds. 
Good algal growth occurred in all the 
samples except the one from Pond 1. 
At that time, Pond 1 was in the worst 
condition and was essentially anaer- 
obie, with high dissolved sulfides. These 
data indicated that some factor associ- 
ated with the sewage loadings tended 
to inhibit algal growth and pointed in- 
directly to the high sulfide content of 
the pond water as being responsible 
for the inhibition. 

A comprehensive survey was made of 
the various industries in the city which 
possibly could be disposing of materials 
having a toxie effect on algae. Al- 
though the survey revealed that a num- 
ber of industries were disposing of 
such materials, it did not appear that 
any of these would be discharged in 
sufficient quantities to cause trouble. 
This survey did bring to light, how- 
ever, that when the ponds were first 
put into operation they were filled to 
a three-foot depth with drainage-diteh 
water. This water is chiefly derived 
from runoff from irrigated farm lands 
and could contain materials which are 
toxic to the algae. The crops are often 
sprayed with various chemicals, and in 
addition, the drainage ditches them- 
selves are treated with weedicides and 
algicides. 

It was learned that in the latter part 
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FIGURE 6.—Experimental ponds. 


of April, 6,000 gal of whole milk was 
dumped into the sanitary séwer system 
by a local dairy. This milk was dis- 
high content of 
penicillin which inhibited the starter 
in Imaking cottage cheese. 


earded because of a 
The penicil- 
lin resulted treating 
herd for mastitis. At 
that the penicillin 
toxie to the algae. 


from the dairy 
first it was felt 
might have been 
But 
first incident of such mass dumping of 
whole milk, and the ponds had been 
Nevertheless, 
revealed the previously 
fact that large amounts 
were being continually dis- 
charged into the sewer system by the 
dairy. 


this was the 


operating poorly earlier 
this incident 
undiscovered 
of whey 


Over the previous 12-mo_ pe- 
riod, 12 mil lb of skim milk was used 
for the manufacture of cottage cheese. 
The whey this, all of 
which entered the sanitary sewer sys- 
tem, amounted to 11.5 mil Ib. 
not given immediate attention because 
even with the whey 


resulting from 


This was 


and domestic sew- 
age the ponds were receiving a 5-day 
BOD loading of only 50 to 70 lb/acre 


day, a loading not considered excessive. 


December 1960 


The poor condition of the ponds per- 
1959 the decision 
was made to construct small-scale ponds 
where controlled studies could be made. 
Also, on June 24, 1959, the 
from the dairy plant were eliminated 
This 
whether these 
having a deleterious ef- 
It was noted that the 5-day BOD 
of the clarified sewage dropped from 
approximately 210 to 30 mg/l. But in 
part of the No- 
when the flow was decreased, 
the 5-day BOD of the clarified sewage 
increased to approximately 100 mg/1, 
with the dairy wastes still eliminated. 


sisted and in June 


wastes 


from the sanitary sewer system. 
was done to determine 
wastes 


fect. 


were 


the early following 


vember, 


Experimental Studies 


adjacent were con- 
Each 
measured 13 by 40 ft and could be 
filled to a depth of 4 ft. The ponds 
were made of compacted earth, chiefly 
adobe, except for 2 by 12 in. redwood 
boards rimming the tops. 


Three ponds 
structed 5 ft apart (Figure 6 


The sides of 
the ponds sloped at a 45 deg angle from 
12 in. below the top to give a flat bot- 
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tom 5 by 30 ft. The clarified influent 
sewage, pumped from the distribution 
ditch to a 50-gal drum, was introduced 
at the north end of each of the ponds 
through a 2-in. tee at the end of a 4-in. 
line. The flow to each of the ponds 
was controlled by two 114-in. gate 
valves arranged in series. When raw 
sewage was used it was siphoned off 
prior to clarification and discharged 
to each of the ponds through a 34-in. 
pipe. The outlet was at the south end 
of each pond and the liquid level in 
the ponds was controlled by adjusting 
the level of the structure, a 4-ft stand- 
pipe, 4 im. in diam. Two-inch holes 
were drilled into the standpipe every 
6 in. Thus by placing corks in the 
holes, the liquid level of the ponds 
could be maintained at any 6-in. in- 
erement from 0 to 4 ft. The length of 
the ponds ran from north to south and 
they were designated Ponds A, B, and 
C, from west to east. 


Testing Program 


Possible test dis- 


cussed at a meeting of representatives 


programs were 
These 
programs included subjecting the sew- 
aeration, treat- 
ment with nitrates and carbon dioxide, 
varying the depths of the ponds, and 
employing internal cireulation. 

The initial plan of approach was to 
fill Pond A with elarified sewage, Pond 


of the participating agencies. 


age to chlorination, 


B with chlorinated clarified sewage, 
and Pond C with sewage taken from 


a large pond. 

Pond A was filled with clarified sew- 
age to the 3-ft level on July 13, and 
after filling, the influent was adjusted 
to a rate of 30 gph or 720 gpd. Since 
at the 3-ft level the volume of the pond 
was approximately 7,200 gal, the de- 
tention period was 10 days. Within 
72 hr after filling, there was good algal 
growth, mostly Chlorella with some 
Chlamydomonas, and DO throughout 
the pond. This pond responded so 
well to the introduction of new sewage 
that there did not seem to be any ad- 
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vantage in introducing chlorinated sew- 
age into Pond B for comparison. There- 
fore, on July 16, Pond B also was filled 
with clarified sewage and within 72 hr 
it too was in excellent condition. 

On July 16, Pond C was filled with 
supernatant material from large Pond 
2 and was allowed to stand without the 
addition of new sewage. On the morn- 
ing of July 17, Pond © had 13 mg/1 
DO at 1 in. and 12 mg/] DO at 25 in. 
By July 21, the level of this pond had 
dropped considerably from the 3-ft 
mark and new clarified sewage was 
added rapidly to restore the level. 

Secause of soil absorption, evapora- 
tion, and percolation, the ponds had no 
effluent and the influent was adjusted 
to a rate of 60 gph in all three ponds. 
This halved the detention time to five 
days. 

Samples for chemical and algal anal- 
yses were taken routinely in the morn- 
ing and in the afternoon at the 1- and 
25-in. depths. Chemical tests included 
DO, dissolved sulfides, pl, and total 
dissolved Biological analyses 
included cell counts and identification 
of genera present. 

On July 22, light-penetration studies 
were made on the three ponds using 
matched, surface and submerged photo- 
tronic cells sensitive between 4,200 and 
7.000 A. These studies were made at 
3 pm and the sky was clear. At this 
time of year at 32.7 deg N. Lat. (El 
Centro), the visible solar radiation 
(4.000 to 7,000 A) has a minimum and 
maximum insolation of approximately 
161 and 268 Langleys,* respectively 
(4). The percentages of light remain- 
ing at the various depths in Pond A 
are shown in Figure 7. The results of 
the tests made on the remaining two 
ponds were very nearly the same. The 
difference in light absorption with 
depth is for the most part caused by 
the algae present. The euphotic zone, 
or that layer absorbing 99 per cent of 
the light, extended to 24 in. This is 
generally considered the stratum in 


solids. 


* A Langley equals 1 g-eal/sq em. 
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FIGURE 7.—Light remaining at various depths in Pond A 
(3 PM, July 22, 1959). 


which most of the photosynthetic ac- 
tivity oceurs. 

Test Ponds A and B which had been 
filled initially with clarified sewage had 
been functioning in a_ satisfactory 
manner for over a week. Hypotheses 
could be advanced explaining why the 
test ponds were operating satisfactorily 
while the large ponds were operating 
poorly. Perhaps there was some toxie 
material in the sewage with an ae- 
cumulative effect and the small ponds 
had not been in operation long enough 
for this to be in evidence. Also, the 


large ponds had been filled originally 
with drainage-ditch water, while the 
small ponds had not. Although the 
test pond which had been filled with 
the supernatant material from a large 
pond had been operating well, perhaps 
some toxie material derived from the 
ditch water was still deposited on the 
bottoms of the large ponds and was the 
cause of the unsatisfactory perform- 
anee. The only difference in the sew- 
age originally discharged to the large 
ponds and that now being discharged 
to the small ponds was the presence of 


4 
a | 
a6 |— 
70 

60 
$0 |— 
40 
30 | 
20 |- 
10 
8 
6 
2 | 
| | 
7H 
6 
3 
2 


Vol. 32, No. 12 


dairy wastes in the former. The large 
ponds had not received dairy wastes 
for nearly a month and they were still 
not operating satisfactorily. However, 
the possibility existed that these dairy 
wastes could be having an accumula- 
tive and prolonged effect. 

Since this was a fairly brief study 
and time was limited, a decision was 
made to determine first the effects of 
dairy wastes on the performance of a 
test pond. 


Test on Pond A 


On July 23, beginning at 4 pm, 5 
gal of whey was added to this pond at 
the rate of 0.5 gph. This time period 
was chosen to simulate the time at 
which whey would reach the stabiliza- 
tion ponds after leaving the dairy 
plant. The whey was added through 
a feeding device (Figure 8) which con- 
sisted of an inverted 5-gal jug with 
its neck in an aluminum funnel to 
maintain a constant head. The flow 
of whey was regulated by an adjustable 
clamp on the rubber tubing connected 
to the funnel spout. A T-shaped trap 
was placed in the rubber tubing to trap 
curds and prevent clogging of the line. 
The feeding device was placed over a 
wooden trough 4 by 1 by 1 ft which 
received the clarified sewage. By drip- 
ping the whey in the trough contain- 
ing the sewage, a good mixing of the 
two was accomplished before entrance 
into the pond. 

The maximum loading of the whey 
into the sanitary sewer system had 
been 7,000 gpd. Considering the sew- 
age flow to be 2 mgd, the whey would 
be diluted 286 times. In the test 
ponds, the sewage influent was 1,420 
gpd. Thus, the 5 gal of whey was 
diluted 284 times and on a volume 
basis closely approximated the actual 
loading on the large ponds when at a 
maximum. 

The DO and dissolved sulfide levels 
in the pond under test conditions are 
shown in Figure 9. The dashed lines 
represent the average of samples taken 
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at 1 and 25 in. at 8 am, while the solid 
lines represent averages of samples 
taken at these depths at 2 pM. 

On the morning following the addi- 
tion of the whey to the pond, there was 
an apparent decrease in DO. That 
afternoon the whey was again added 
at the same rate, and on the following 
morning no DO was found in the pond 
and dissolved sulfides were found at 
both sampling levels. There was some 
buildup of DO that afternoon and 
whey was again added. The following 
morning dissolved sulfides were present 
again at both sampling levels and still 
were found at the lower level in the 
afternoon. The same situation was 
found the following day and the addi- 
tion of whey was discontinued to allow 
the pond to recover. 

The whey appeared to cause an in- 
crease in algal numbers until a popula- 
tion in the order of 7.5 = 10° cells/ml 
was reached. However, the pond had 
a yellow-green appearance and the 


FIGURE 8.—Device for feeding whey 
and nitrates. 
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algal cells (Chlorella 

small with heavy cell walls and gen- 

erally appeared unhealthy 
The rate of sewage influent 


were extremely 


was de 
creased to 720 gpd and the pond ap- 
After 
five days no dissolved sulfides were 
present, but the DO levels were low 
when compared with the other ponds. 


peared to be recovering slowly. 


In an attempt to speed recovery of 
the pond, calcium nitrate was added at 
a coneentration of 5 | nitrogen to 
the influent 
the addition of nitrate was evident, and 


me 
sewage. The response to 
on the morning of August 3 there were 
mg/l DO at both sampling 
The addition of nitrate was 
continued and the pond appeared to 


over 7 
levels. 


recover completely. : 

On August 10, whey feeding was 
resumed, but at the rate of 2 gpd. The 
nitrate addition the 
rate used previously and it was added 
simultaneously This 
experiment was conducted to determine 


was continued at 
with the whey. 


more definitely how much whey a pond 
could tolerate and if the simultaneous 
addition of nitrate increased the toler- 
ance. <At the 
being carried out on 


time, tests were 
Pond B to de- 


termine the whey loading limit in the 


same 


absence of nitrates, 
Whey added at the ra 
peared to 


te of 2 apd ap- 
effect on the 
pond, and on the morning of August 
found at 
the 
condition of the pond improved after 
this, and although the DO levels were 
never high, especially 


have an ill 


dissolved sulfides were 


both sampling levels. However, 


in the morning 


samples, dissolved sulfides were not 
found. On August 24 the whey load- 
ing was increased to 2.5 gpd and the 


did 
appreciable ill effect. 


increase not appear to have any 
Thus on August 
28, the whey loading was increased to 
3 
fides appeared at the lower level of the 
the the 


morning of the following day, dissolved 


On September 3, dissolved sul- 


pond in afternoon, and on 


sulfides were found at both sampling 


levels and at the lower level in the 
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afternoon. The loading of whey was 
stopped, but the nitrate addition was 
continued. The condition of the pond 
fluctuated, and although it appeared to 
be recovering, l of dissolved 


the lower level 


over 6 meg 
found at 
of the pond in both the morning and 
afternoon of September 10. 


sulfides were 


This in- 
dicated that the whey had induced an 
accumulation of sulfides on the bottom 
of the pond, and even with the con- 
tinued addition of nitrate, sulfides were 
being produced after the 
loading had been discontinued. 


one week 


whey 


Tests on Pond B 


before, the 
this pond were conducted to determine 


As mentioned tests on 


how much whey loading could be satis- 
factorily stabilized in the absence of 
nitrate. 


ing 


The pond had been perform- 
first 
filled, and on July 31 whey addition 
was started at the rate of 1 gpd. The 
whey was fed to the pond in the same 
manner as it was fed to Pond A. There 
did not serious ill 
effects as a 


satisfactorily since it was 


appear to be 
result of loading ; 
therefore, on August 3, the whey addi- 


any 
this 
tion was increased to 1.5 gpd. Because 


it was not available, whey was not 
added on August 6, but since the pond 
still appeared to be in good condition, 
the loading was increased to 2 gpd the 
following day. This loading was con- 
tinued During 
this period the condition of the pond 
fluetuated, but The 


morning DO levels were consistently 


through August 23. 


Was hever eood. 


low and dissolved sulfides appeared in- 


termittently. On August 24 the whey 


») 


loading was increased to 2.5 gpd and 


there was an obvious response to the in- 
crease. On the morning of August 25 
there were 3 mg 1 dissolved sulfides at 
both sampling levels and on the follow 
ing day over 7 mg/I dissolved sulfides 
This condition 


were present. Was ac- 


companied by hydrogen sulfide odor, 
and the pond was drained on August 
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FIGURE 9.—Effect of whey with and without nitrate addition on DO and sulfide levels. 
Upper curves for Pond A, lower curves for Pond B. 


Tests on Pond C cause light was prevented from pene- 
trating to the lower levels of the pond. 
Palmella is a green colonial alga and 
the cells are imbedded in a gelatinous 
matrix, Their gelatinous sheaths prob- 
ably prevented desiccation of the cells 
when the large pond was allowed to 
dry and they resumed a viable stage 
as soon as they came into contact with 
water again. The algal scum persisted, 
and finally on August 5 the pond was 
drained and allowed to dry for a few 
days. 

On August 12 filling of the pond 
with raw sewage was begun. This was 
done to find out if the ponds would 
stabilize raw sewage, and also, if a 
vreater load of whey could be tolerated 
by a pond when the additional nutrient 
of raw sewage was present. 

Following the filling of the pond, 
good DO levels were found throughout 
the pond for several days (Figure 10). 
On September 4 whey was added to 
practically the entire pond surface. the pond at a rate of 245 gpd. This 
This condition was unfavorable be- whey loading was chosen because it 


The supernatant material that had 
been pumped from the large pond had 
no apparent ill effects on the perform- 
ance of the small pond. To determine 
if some toxic substance was deposited 
on the bottoms of the large ponds, the 
material from an area 114 times (0.018 
acres) that of the test pond was scraped 
from the bottom of large Pond 3 and 
added as a slurry to Pond C on July 
28. The large pond had been com- 
pletely drained July 20 and allowed 
to dry. The effect of the addition of 
the slurry was difficult to evaluate. 
Although dissolved sulfides never ap- 
peared, the DO levels were not as high 
as those in the other two test ponds. 
However, a few hours after adding the 
slurry, a yellow-green algal scum began 
to form over the pond surface. By the 
following afternoon, this growth, which 
was identified as Palmella, covered 
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was that which proved to be intolerable 
when clarified sewage was employed. 
The effect was noticeable and the DO 
levels in the pond decreased steadily 
and by September 8, dissolved sulfides 
were present during both the morning 
and afternoon. The addition of whey 
was discontinued. Sulfides were still 
present on September 11, and the pond 
was drained. 


Performance of Large Ponds During 
Test Period 


The large ponds behaved rather 
erratically during the test period. 
Pond 3 had been drained on July 20 
and allowed to remain dry until late in 
August. When drained, a heavy layer 
of black sludge-like material covered 
the Although debris 
would have been expected, the amount 


bottom. some 
appeared to be excessive considering 
the length of time the ponds had been 
in use. Also, this pond had not re- 
ceived as great a loading as the others. 
Thus it could be assumed that Ponds 
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1 and 2 would have even more of 
this material on their bottoms. 

After Pond 3 was drained, the sew- 
age flow was diverted equally to the 
remaining two ponds, and during this 
time, their depth was increased from 
2 to 3 ft. The dairy wastes had been 
eliminated from the sewer system, but 
there certainly was not any spontane- 
The 


con- 


ous or measurable improvement. 
DO and dissolved sulfide levels 
tinued to fluctuate. There were in- 
stances of hydrogen sulfide odors, but 
during the test period these became 
less frequent. 

The ponds appeared to operate in a 
somewhat irregular cycle. Following 
a few days of good performance when 
there high DO through 
them, large clumps of black material 
broke off the bottom and 
surface. 


were levels 


rose to the 
This situation was often ac- 
companied by a decrease in DO, an 
dissolved 


increase in sulfides, and in 


some eases, sulfide odor. 
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few instances of high winds when the 
pond would appear to turn over. Usu- 
ally after a day or two the ponds 
would again be operating in a satis- 
factory manner; that is, the DO levels 
would be increased and the dissolved 
sulfides absent. This was especially 
true when the ponds had reached the 
3-ft level and the clumps of black 
material were skimmed off with the 
effluent. 

Twenty-four hour composite samples 
of the influent and effluent were taken 
from Ponds 1 and 2 on August 18 and 
19 for BOD analysis. The 5-day BOD 
of the influent sewage was 22 mg/1. 
The effluent from Pond 1 had a 5-day 
BOD of 41 mg/l with the algae and 
suspended solids present, and 4 mg/l 
without them. That of Pond 2 was 
35 mg/l prior to centrifugation, and 
4 mg/l after. Thus there was over 
80 per cent reduction in the BOD if 
the algae are not considered. This 
performance compares favorably with 
pond experience elsewhere (5) (6) (7). 

The algal flora of the two ponds 
varied somewhat, but forms believed 
desirable were found in each. Most 
of the algae present belonged to the 
following genera: Chlorella, Scenedes- 
mus, Micractinium, Ankistrodesmus, 
and Palmellococcus. Small amounts 
of Euglena and single filaments of 
Phormidium were found occasionally. 
The latter were probably broken off 
from blue-green mats growing on parts 
of the clarifiers. 

On August 19 the entire sewage flow 
was diverted to Pond 3 to fill it rap- 
idly. There were no odors associated 
with the filling, and by the time the 
3-ft level was reached, DO was found 
throughout the pond. 

Referring to Figures 2, 3, and 4, it 
is noted that despite the erratic be- 
havior following cutoff of the dairy 
wastes, the operating ponds (No. 1 and 
2), by mid-October, essentially had 
overcome the effects of the aceumula- 
tive toxins and had begun to operate 
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in a manner comparable to ponds else- 
where. 


Discussion 


The tests conducted with the experi- 
mental sewage stabilization ponds pro- 
vided interesting and valuable informa- 
tion. The use of such small ponds to 
study a problem being experienced in 
full-scale units many times their size 
not only proved feasible, but quite 
desirable. The data obtained revealed 
that the dairy wastes were the main 
cause of the difficulties encountered in 
the operation of the large ponds. A\l- 
though the dairy wastes had been 
eliminated from the sewage system 
prior to the initiation of the experi- 
mental studies, there had been no 
noticeable improvement in the perform- 
ance of the large ponds. Without em- 
ploying the experimental ponds, the 
dairy wastes would not have been 
singled out as readily as the causative 
factor. In addition, the test ponds 
provided for less difficult sampling 
problems, easy observation, and more 
flexible experimentation. 

The data indicate that the experi- 
mental ponds could tolerate a maxi- 
mum whey loading of 2 gpd, giving 
a dilution of 1 to 360 with the influent 
sewage. Even with this loading, the 
performance was poor. When the 
loading was increased, the pond defi- 
nitely became ‘‘sick.’’ There is also 
evidence that the whey had an accumu- 
lative effect; thus not even a much 
smaller loading could be tolerated over 
a long period of time. Even after 
the whey loadings were discontinued, 
a fairly long period of time was re- 
quired for recovery. This was evi- 
denced more strongly in the large 
ponds where the residual effects were 
apparent two months after the dairy 
wastes had been eliminated from the 
sewage system. This accumulative ef- 
fect could probably be traced to a 
buildup of sulfides on the pond bottom. 
Large accumulations of these sulfides 
would not only require large quanti- 
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ties of oxygen for their oxidation, but 
also there is the probability that they 
are toxic to the algae. 

The results indicated that a larger 
loading of whey could be tolerated by 
the ponds when nitrates were added. 
Although the nitrates apparently pro- 
vided some oxygen for alleviating the 
anaerobic condition, they did not ap- 
pear to serve as an additional nitrogen 
source to increase algal growth. The 
results also indicated that in view of 
the heavy dosages which would be 
needed, the addition of nitrates was 
not practicable 

Whey averages 6.9 per cent total 
solids consisting of 0.3 per cent fat, 
0.9 per cent protein, 4.9 per cent lae- 
tose, 0.6 per cent ash, and 0.2 per cent 
lactic acid (8). The lactose is Oxi- 
dized rather readily by the bacteria 
(9) and has a short-term, but high, 
oxygen demand. The protein mole- 
cules are too large to pass through the 
bacterial cell wall and cannot be used 
for bacterial growth unless they are 
first degraded into smaller molecules. 
To initiate the degradation process, 
extracellular enzymes must be excreted. 
Thus, the proteins break down slowly 
and only small amounts can be exidized 
in the stabilization ponds. When large 
amounts of whey were added, there was 
probably a large accumulation of pro- 
teins on the pond bottom. As the pro- 
teins accumulated and slowly broke 
down, there was probably also an ae- 
cumulation of sulfates as a breakdown 
product as well as from the water sup- 
ply. These, in turn, may have en- 
hanced the growth of sulfate-reducing 
bacteria; although the data indicate 
that the normal sulfate content of the 
sewage, without the whey, did not have 
an ill effect. Apparently, the sulfur 
bacteria, which reduce hydrogen sulfide 
to elemental sulfur, could not keep up 
with the sulfate-reducing bacteria in 
their activity and the hydrogen sulfide 
odor resulted. The iron sulfide found 
on the bottoms of the large ponds was 
probably the result of hydrogen sulfide 
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reacting with soluble iron in the sew- 
age. In summary, it appears certain 
that the whey exerted an accumulative 
toxic effect on the ponds, but the pre- 
cise reasons for this are not well un- 
derstood. The high oxygen demand 
of the whey lactose and the sulfate 
formation from the whey breakdown 
are possibly significant. Also, the 
presence of nutrients such as those in 
raw sewage does not appear to en- 
hance the stabilization of whey. 

As mentioned previously, the effect 
of adding bottom material was difficult 
to evaluate. There does not appear to 
be any advantage (other than to ob- 
tain immediate volume) in filling 
stabilization ponds with water prior to 
the introduction of the sewage. 


Summary 


Experiments were carried out with 
pilot-plant sewage stabilization ponds 
to determine why full-scale sewage 
stabilization ponds, used in conjunetion 
with a primary sewage treatment fa- 
cility, were not operating in a satisfac- 
tory manner. Poor pond performance 
was indicated by the low concentra- 
tions of dissolved oxygen and desirable 
algae as well as the presence of dis- 
solved sulfides and hydrogen sulfide 
odors. The test program revealed that 
the primary cause of the malfunction- 
ing was the whey content of dairy 


wastes reaching the ponds-through the- 


sewer system. The fact that these 
wastes had an accumulative ill effect 
on the pond also was determined. The 
addition of nitrates increased the tol- 
erance of the ponds to dairy wastes 
in the sewage, but not to any large 


dlegree. 
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OXIDATIVE ABILITIES OF ANILINE-ACCLIMATED 
ACTIVATED SLUDGE 


By W. MALANEY 


Assistant Professor, Department of Bacteriology, and Research Associate, 
Water Resources Center, Ohio State Unive rsity, Columbus, Ohio 


Each year hundreds of new products 
are developed by the expanding 
chemical and petroleum industries. 
During manufacture or refining many 
side-products and by-products are pro- 
duced, many of which ultimately end 
up in the liquid wastes from the proe- 
ess, along with a certain amount of 
the principal product. Water pollu- 
tion control authorities are increas- 
ingly insistent that each industry ex- 
ercise some degree of pollution con- 
trol. Recognizing its responsibility, 
industry is investing much effort and 
money in the development and appli- 
eation of suitable methods of waste 
treatment. One of the most promising 
methods available for large or small 
plant operations is the activated sludge 
process. 

Because of the great variety of 
chemical compounds found in such 
wastes, it seems that a necessary first 
step in understanding the success of 
established methods of waste treatment 
and in proposing new methods of 
treatment is the accumulation of basie 
knowledge concerning the oxidative 
capabilities of the microorganisms op- 
erative in both conventional treatment 
units and in specially-trained activated 
sludges. The objective of the present 
research was a study of: a the 
ability of an activated sludge micro- 
flora to acclimate to a selected chemi- 
eal compound representing a_ basic 
chemical configuration, specifically 
aniline (aminobenzene), and (b) the 
capacity of the  aniline-acclimated 
sludge to oxidize other chemical com- 
pounds related in structure to aniline. 
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Materials and Methods 


Substrates 


With few exceptions the substrates 
employed in this study were of ana- 
lytical grade. The exceptions are in- 
dicated in the figures by P (practical 
grade) or T (technical grade). 


Diluent 


The solution of mineral salts used 
in preparing the substrate solutions 
and the activated sludge suspensions 
for the Warburg runs had the follow- 
ing composition: 500 mg/1; 
(NH,)sHPO,, 325 mg/l; NaCl, 50 
mg/l; CaCle, 50 mg/l; MgSQ,4, 25 
mg/l; FeCls, 5 mg/l. The solvent was 
tap water. 


Simulated Sewage 


The simulated sewage was prepared 
by mixing in tap water the appropris 
ate volumes of solutions A and B. So- 
lution A was an aqueous solution of 
glueose and Difco nutrient broth. So- 
lution B was a concentrated mixture 
of the same salts employed in the 
diluent. The simulated sewage con- 
tained the following conéentrations: 
eluecose, 500 me/1: nutrient broth, 500 
mg/l: mineral salts, same as in dilu- 
ent. 


A eclimation 


The acclimation of the activated 
sludge to aniline as sole source of 
earbon and energy was carried out in 
1,500-ml aeration tubes by the batch- 
feed method. Aeration was main- 
tained at a rate sufficient to keep the 
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solids in suspension. The original 
source of microorganisms was mixed 
liquor from the aeration tank of a 
municipal treatment plant. The sludge 
organisms were fed simulated sewage 
until the concentration of suspended 
solids approximated 2,500 mg/l, then 
the training program was initiated. 
This entailed addition of the new ear- 
bon source in daily increasing amounts 
with a proportionate daily reduction 
of the original carbon souree (glucose 
and nutrient broth). The concentra- 
tion of salts remained constant. This 
feeding program continued until, at 
the end of 20 days, if successful, the 
activated sludge was utilizing the 
aniline as sole source of carbon and 
energy. 


Activated Sludge for Warburg Run 


The aniline-acclimated microflora 
was fed and aerated at least one hour 
before use in the Warburg respirom- 
eter. The required volume of mixed 
liquor was removed and allowed to 
settle. The supernatant liquid was dis- 
earded. The sludge was washed with 
100 to 150 ml of tam water. The mix- 
ture was allowed to settle and super- 
natant discarded. The concentration 
of the sludge suspension was adjusted 
to 5,000 mg/l by diluting to volume 
with diluent solution, then was blended 
for 10 see to facilitate pipetting. 


Warburg Experimentation 


The ability of the aniline-acclimated 
sludge to oxidize compounds §struc- 
turally related to aniline was tested 
by the conventional Warburg tech- 
nique, using 125-ml flasks. Ineuba- 
tion was at 20°C for 120 to 192 hr. 
Each flask was set up to contain 2,500 
mg/l activated sludge solids and 500 
mg/l test compound (substrate) in a 
total volume of 20 ml. Oxidation was 
recorded as mg Os uptake per liter 
of the mixture in the flask. A control 
flask for measurement of endogenous 
respiration was included in each run. 
Air oxidation and volatility of the 


PETROCHEMICALS AND ACTIVATED SLUDGE 1301 


substrates were determined by a 24-hr 
Warburg run in the absence of micro- 
organisms. Results of this run were 
extrapolated to cover time periods up 
to 192 hr. 


Experimental Results 
Acclimation to Aniline 
The program of acclimation to 
aniline was immediately successful, as 


indicated by an increase’ in mixed 


liquor suspended solids. The aceli- 
mated sludge was then maintained in 
a suspended solids concentration range 
of 4,000 to 10,000 mg/l by batch-feed- 
ing every 24 hr with a nutrient solu- 
tion containing 500 mg/l aniline and 
the indicated ‘content of mineral salts. 


Phenylenediamines (aminoanilines ) 


The ability of the aniline-acclimated 
activated sludge to oxidize the phenyl- 
enediamines is shown in Figure 1. 
Structural formulas of the compounds 
accompany the curves. The phenyl- 
enediamines may be considered aniline 
with a second amino group added to 
the benzene ring. There are three 
phenylenediamines (ortho-, meta-, and 
para-) according to the position of the 
two substituent groups on the ring in 
relation to each other. The addition 
of a second amino group renders the 
molecule less susceptible to oxidation 
by the sludge microorganisms. Also, 
the three isomers vary in their oxi- 
dizability. The o-phenylenediamine is 
oxidized to a greater extent in 192 hr 
than the p-compound, while m-phenyl- 
enediamine is least oxidized. 

The control curves represent oxygen 
uptake by the organisms in the ab- 
sence of added substrate, i.e., endoge- 
nous respiration. Interpretation of 
endogenous respiration in relation to 
oxidation of substrate is uncertain. 
When oxygen uptake in the presence 
of substrate exceeds the endogenous, it 
is fairly certain that the substrate is 
being oxidized. However, when the 
oxygen uptake curve for the substrate 
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FIGURE 1.—Oxidation of phenylenediamines by aniline-acclimated activated sludge. 
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Figure 2 
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sludge as is aniline, 


as readily by acclimated 


Aminophenols (hydroxyanilines) 


Substitution of a second hydrogen 
of the aniline ring with the hydroxyl 


group yields the o-, m-, and p-amino- 


These show a 
widely divergent susceptibility to bio- 
logical The 
utilized, 
oxidized 
somewhat less rapidly. o-Aminophenol 
was oxidized slowly throughout the 
of the After a long 
period of acclimation, phenol was rap- 
idly utilized. 
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oxidization (Figure 3). 
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FIGURE 2.—Oxidation of toluidines by aniline-acclimated activated sludge. 
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FIGURE 3.—Oxidation of aminophenols by aniline-acclimated activated sludge. 
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Aniline Aromatic Compounds 


Pyridine, ecyclohexylamine, and a- 
naphthylamine have certain points of 
similarity structure with aniline 
Figure 7 The a-naphthalamine 
was extensively oxidized in 192 hr. 
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reduced the oxidizing ability of the 
molecule compared with that of 
aniline (Figure 8 However, each of 
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FIGURE 5.—Oxidation of chloroanilines by aniline-acclimated activated sludge. 


yielded a molecule (phenylhydrazine) 
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FIGURE 6.—Oxidation of aminobenzene sulfonic acids by aniline-acclimated 
activated sludge. 
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certain of the structural features of aniline by aniline-acclimated activated sludge. 
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FIGURE 8.—Oxidation of N-substituted anilines by aniline-acclimated 
activated sludge. 
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160 


sludge. 


plicated radicals on the N of aniline 
gave structures which were not readily 
utilized by the aniline enzyme system 
(Figure 9). 


Substitution Between the Amino 
Group and the Ring of Aniline 


The presence of one or two carbon 
atoms between the ring and the nitro- 
gen of aniline gave molecules which 
were quite resistant to oxidation by 
the aniline sludge (Figure 9). Pres- 
ence of the SOs group in a similar 
position also retarded bacterial oxi- 
dation. 


Aniline with Alkyl Substitution on 
the Ring 


Figure 10 shows that substitution 
of a hydrocarbon chain on the aniline 
ring reduced to some extent the sus- 
ceptibility of the molecule to biologi- 
cal oxidation, but nevertheless these 
compounds were fairly readily oxi- 
dized. Unfortunately, only a few com- 


WARBURG RUN, Hr 


40 


60 120 


anilines and (b) compounds formed by sub- 


stitution between the amino group and the ring of aniline by aniline-acclimated activated 


pounds of this type were available for 
testing. 


Toluene and the Xylenes 


Toluene and p-xylene proved to be 
readily utilized by the aniline-aecli- 
mated microflora (Figure 10), while 
o- and m-xylene were poorly oxidized, 
if at all. 


Hydroxrybenzenes 


With the exception of hydroquinone, 
the mono-, di-, and trihydroxybenzenes 
tested were susceptible to biological 
oxidation (Figure 11). The mono- 
hydroxytoluenes (0-, m-, and p-cresols) 
were readily utilized by the aniline 
organisms (Figure 11). 


Aliphatic Amines 


Of the straight-chain or branched- 
chain primary amines tested, only 
methylamine and n-hexylamine showed 
any appreciable resistance to bacterial 
attack (Figure 12). 


= 
3 200) | 
A 
40 = 160 200 
' 
2 


1308 JOURNAL WPCF December 1960 


1400 


Aniline 


CH, a 
- i n 

o-Ethylaniline Toluene- 
CH 


UPTAKE, Mg /L 


O2 


\ 
m-Xylene— 
J ~ 


p-sec. Amylaniline 


80 120 160 fe) 40 80 120 160 200 
LENGTH of WARBURG RUN, Hr 


FIGURE 10.—Oxidation of (a) aniline with alkyl substitution on the ring and (b) toluene 
and xylenes by aniline-acclimated activated sludge. 
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FIGURE 11.—Oxidation of (a) hydroxybenzenes and (6) hydroxytoluenes by 
aniline-acclimated activated sludge. 
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Alkylbenzenes 


Figure 13 shows that benzene and 
all of the mono-substituted alkylben- 
zenes tested were oxidized to a vari- 
able extent by the aniline sludge. 


Discussion 


The microflora of the aniline-accli- 
mated sludge exhibited an amazing 
versatility in metabolism possessing an 
oxidative capacity extending over a 
broad spectrum of chemical com- 
pounds. Of course, it is obvious that 
this study did not investigate many 
points of practical importance such 
as the maximum loading of each sub- 
stance which the sludge ean tolerate, 
the percentage removal per hour, ete. 
The experimental results indicate 
merely that an activated sludge can 
be acclimated to aniline and that this 
sludge possesses the enzymatic poten- 
tial for oxidizing a great variety of 
compounds related in chemical struc- 
ture to aniline. The results suggest 
further that an  aniline-acclimated 
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sludge could probably be used as the 
starting point for the development of 
a re-acclimated sludge capable of 
eliminating a specific compound or 
mixture of such compounds from 
wastewaters. 

As mentioned previously, the sig- 
nificance of the uptake of oxygen as- 
cribed to endogenous respiration 
(given by the control curves) cannot 
be evaluated with certainty. Endoge- 
nous respiration is usually defined as 
oxygen uptake by cells resulting from 
the oxidation of stored food materials. 
Insofar as activated sludge is con- 
cerned, these stored nutrients would 
include not only those actually de- 
posited within the bacterial cells, but 
also oxidizable substances making up 
or adsorbed to the zooglea or slime 
of the floe particles. During extended 
periods of starvation, oxidation of vital 
cell components might also occur. This 
would be considered endogenous res- 
piration. An important question 
which has not been answered for all 
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FIGURE 12.—Oxidation of aliphatic amines by aniline-acclimated activated sludge. 
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bacteria is whether endogenous respira- 
the of 
oxidizable exogenous substrate, 1.e., 


tion continues in presence an 
an 
externally-supplied carbon and energy 
the 
answer for a limited number of miecro- 
bial 
dogenous respiration continues in the 
of the 


while with other species it does not. 


souree, Research has provided 


species With some species en- 


presence exovenous subst rate. 


There is also the possibility that en- 
dogenous respiration may merely be 
partially inhibited. Moreover, this 


question probably must be answered 
not only for each bacterial species, but 
also for each substrate used. In all 
it presents a sizable problem. This 
information for the aniline sludge is 
not available at this time. 

When the oxygen uptake in the 
presence of the substrate exceeds the 


endogenous there is apparently no 
difficulty in interpretation of the data 
It is fairly 


certain that the substrate is being oxi- 


—at least qualitatively. 
dized by the organisms. However, if 
quantitative results are necessary, as, 
for instance, if percentage removal is 


FIGURE 13.—Oxidation of alkylbenzenes by aniline-acclimated activated sludge. 


to be calculated, then a definitive an- 
Specifically, 
not whether removals 
be the of 
oxygen uptake data as ontained or on 


swer cannot be supplied. 
it 
should 


is known 


ealeulated on basis 
oxygen uptake corrected for endoge- 
nous respiration. 

When the oxygen uptake curve for 
the falls that of the 
endogenous respiration, there is an ad- 
ditional problem of interpretation. If 
endogenous respiration does not oeceur 
in the presence of that substrate, then 
the 
must 


substrate below 


oxygen however 


be 
substrate. 


uptake, small, 
to of the 
If endogenous respiration 


aseribed oxidation 


continues unhampered in the presence 
of that substrate then the lower oxygen 
uptake in the presence of substrate 
must be taken to indicate that the 
substrate inhibits endogenous respira- 
tion. If endogenous respiration con- 
tinues but at a restricted rate along 
with some oxidation of the substrate, 
the solution is even more complicated 
and can be answered only with more 
detailed experimental methods. 
Acclimation curves, such as that of 
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p-see. amylaniline in Figure 10, sug- 
gests that even though the initial part 
of the curve is well below the curve 
for endogenous respiration, some oxi- 
dation of the substrate must be occur- 
ring. Otherwise it is difficult to ex- 
plain satisfactorily how the microflora 
would suddenly begin to oxidize the 
compound at about 34 hr. 


Conclusions 
It was possible to train a ‘‘normal’’ 
activated sludge to utilize aniline 


(aminobenzene) as sole source of ecar- 
bon and energy. This acclimated 
sludge possessed the capacity to oxidize 
a wide variety of chemical compounds 
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related in chemical structure to aniline, 
phenylenediamines, toluidines, 
aminophenols, nitroanilines, chloroani- 
lines, aminobenzoic acids, aminoben- 
zene sulfonic acids, N-substituted ani- 
lines, alkylanilines, alkylbenzenes, hy- 
droxybenzenes, and aliphatic amines. 


e.g., 
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Stream Pollution 


TOXICITY OF ELEMENTAL PHOSPHORUS 


By Bitty G. Isom 


Senior Biologist, Stream Pollution 


this 
to determine whether elemental phos- 


The first objective of paper is 


phorus is toxie to fish in coneentra- 
tions as low as its solubility, or if the 
toxicity is due to colloidal P4, or its 
oxidation products only. The second 
objective is to determine the TL,, of 
phosphorus 

Working with phosphorus, as it re- 
lates to stream pollution, in the past 
has been under the handicap of not 
knowing the chemical state or concen- 
tration of the elemental phosphorus 
creating a problem as toxicity to fish. 

The allotropic solid forms of phos- 
(a) white, 
and (c) black 


phorus are of three kinds: 
(b) 
(1). 

The topic here is white phosphorus 
tinged with yellow. White phosphorus 
is a transparent solid (1) 
It melts at 44.1°C and boils at 280°C. 
It is very soluble in organie solvents 
such as disulfide 
but only very slightly soluble in wa- 
ter (2). Sidgwick (1) reports: ‘‘We 
have evidence of the structure 
of white phosphorus and its vapour. 
White phosphorus, though its erystal 
structure 
clearly made up of the P, tetrahedra 
which constitutes the vapour at all but 
very high temperatures ; 
the liquid, to judge from its 
Raman spectrum and its X-ray dia- 
gram.’’ Although no has 
been found on the toxicity of P, to 
fishes, some toxicological data is avail- 


red or violet 


colorless 
benzene and carbon 
cood 
determined, is 


has not been 


they also com- 
pose 


reference 


able with reference to man. 


Control, 


Nash ille 


Tennessee 
Tenn. 


De partment of Public Health, 


Published information (3) recog- 
nizes the lethal for man as 100 
and the chronic demon- 
strated by a daily absorption of 1 mg 
whieh bone and liver 
states that: ‘‘Se- 
follow a dose of 
phosphorus as small as 15 mg.’’ Of 
particular the fact that 
phosphorus causes severe hepatic and 
renal damage. 


dose 
mg, dose is 
serious 
Locket (4) 


vere symptoms may 


causes 


damage. 


interest is 


Data 


\ true colloidal suspension is diffi- 
eult to differentiate quantitatively or 
qualitatively from a true solution by 
ordinary chemical analysis. Therefore, 
the toxicity of 
soluble P, and of colloidal Py was made 
to determine relative toxicities of the 
two. The method employed to differ- 
entiate the two proved to be an ef- 
fective The specific molecular 
filter * used will retain 
quantitatively on its surface particles 
0.454 or greater 
from a water dispersion. Colloidal par- 
ticles are usually within the size range 
Filter- 
ing with this type filter removed only 
partially the P, in question. This was 
revealed by bio-assay when it was ob- 
that the unfiltered solution 
was more acutely toxic the 
filtered but to a lesser de- 
gree in volume and volume 
Subsequent studies 
have shown that the above filter could 


a parallel study of 


one. 
membrane 


of a magnitude of 


of 10mpz to 500 mp in diameter. 


served 
whereas 
was toxic 
similar 
concentrations. 


* Millipore, HA type. 
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FIGURE 1.—Dissolved oxygen and pH relationship of two samples 
containing dissimilar concentrations of dissolved oxygen. 


not remove the colloid. <A special type 
membrane filter * with 100 mp pore 
size diameter, filter diameter 47 mm, 
was employed to remove the colloid. 
This filter does remove the colloid as 
shown by toxicity studies of the fil- 
trate. After the pH is adjusted to 
approximately 7.0 a 100-per cent con- 
centration of the filtrate shows no tox- 
icity over a 96-hr period. Sinee the 
studies on this filtrate were not for 
the purpose of establishing a TL,,, no 


* Millipore, VC type. 


controls were used with the studies 
since 100-per cent survival was ob- 
tained in 100-per cent filtrate on pre- 
liminary and subsequent studies. All 
studies for the purpose of establishing 
a TL,, had adequate controls. 

The fish were not appreciably af- 
fected by the Py (in small concentra- 
tions) in the first 24 hr but by 48 hr 
the fish had begun to die rapidly. 
Death was undoubtedly due to a 
physiological inadequacy produced by 
the phosphorus. As stated elsewhere, 
in man phosphorus causes severe bone 


i 
4 
4 
< 


and liver damage. Dissection of the 
test specimens revealed little macro 
scopic damage to the liver; however, 
since these tests are for acute toxicity, 
it is not surprising that macroscopic 
examination revealed no gross damage. 

In one experiment after the test or- 
ganisms deceased, additional test speci- 
mens were introduced and no die-off 
occurred over an observed period of 
six days. <A slight decrease in pH 
(0.7) was noted. This was attributed 
to the oxidation of Py. However, lack 
of die-off was also enhanced by the 
removal of colloidal Py by the first 
group of test specimens. 

Experiments with a saturated solu- 
tion of Py reveal no toxicity when 
placed in water and filtered to remove 
the colloidal suspension. The solubil- 
ity of yellow phosphorus is 0.3 mg, 100 
ml at 15°C (2). 

A stock solution was prepared con- 
taining 3 mg/l of soluble Py, amount 
of colloid unknown. The distilled wa- 
ter in which a quantity of Py was 
placed had an initial pH of 6.4 to 6.5 
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but on heating and subsequent cooling 
the pH of the resultant liquid was less 
than 4.0 (usually 3.4 to 3.5). <Aetu- 
ally, the pIl at this point was depend- 
ent on the amount of oxygen present 
initially. The relationship between P, 
and oxygen is shown in. Figures 1 and 
2. From this stock solution bio-assays 
were made with the common bluegill 
(Lepomis macrochirus). All test speci- 
mens were acclimatized for about 10 
days ip the proposed dilution water. 
Oxidation of elemental phosphorus 
in water occurs only to the extent of 
the available free oxygen present 
initially. During the oxidation reac- 
tion complex acids of phosphorus are 
produced which lower the pH of the 
solution. The relationship of pH to 
dissolved oxygen can be found by plot- 
ting dissolved oxygen vs. pll of one 
sample containing a relatively high DO 
and another plot of pH vs. DO of a 
sample containing a low DO. Such 
an example is given in Figure 1. A 
second curve which shows the DO ex- 
pected from any pH value provided 


2 
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FIGURE 2.—Curve representing the difference in dissolved oxygen at selected 


values taken from Figure 1. 
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the initial DO is known is shown by 
Figure 2. This curve is obtained by 
plotting the pll vs. the difference in 
the DO’s from the curves in Figure 1. 

In order to determine the nature of 
the toxicity of elemental phosphorus 
in water to fish the experimental work 
was begun on the assumption that it 
was the P, in solution rather than the 
colloidal suspension that produced the 
mortality in fishes. With the aid of 
the 100-mp pore size molecular filter 
the colloidal suspension could be re- 
moved. This was determined by bio- 
assay of the filtrate which proved to 
be non-toxic when first neutralized to 
a pH of approximately 7. The first 
tests showed toxicity in 100-per cent 
stock solution but this was due en- 
tirely to the low pIl incurred as the 
result of chemical oxidation of P, to 
form complex acids of phosphorus, pre- 
sumed to be primarily H,PO,. 

The utility of this study is better 
understood when these results are cor- 
related with studies of industrial 
wastes containing the toxieant, ele- 
mental phosphorus. Results of studies 
in 1958 are shown in Tables I and II. 
Chemical analyses are shown in Table 
I and the results of bio-assays are in- 
cluded in Table IT. 

No toxicity was revealed at the low 
solubility of Py in water. Industrial 
samples were run at 26°C. To deter- 
mine the solubility at this tempera- 
ture seemed impractical so an experi- 
ment was conducted using the 100-mp 
pore size membrane filter. A saturated 
solution of Py, unfiltered, was placed 
in a flask above the membrane and then 
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TABLE I.—Chemical Analyses of 100-Per 
Cent Phosphorus Water and Dilution Water 
from One Day in August 1958 


Phosphorus Dilution 


Item Vater Water 
Dissolved oxygen (mg ‘1) 0.0 6.7 
5 Day BOD (mg 1D) 1.2 
COD oxygen consumed (mg 1) 709 105 
Apparent color (mg 1) 1.800 100 
Turbidity (mg) 280 30 
p 5.6 7.2 
Methyl orange alkalinity 
(CaCOs) (mg/l) 1,300 118 
Phenolphthalein alkalinity (mg |) 0.0 0.0 
Acidity (CaCOs) (mg/1) 2.870 1.0 
Hardness (CaCQs) (me 1) 0.0 135 
Chlorides (mg 1) 13 
Suspended solids (mg, |) 7tit 23 
Total solids (mg 1) 8.545 155 
Settlesble solids (ml, 1) 0.0 0.0 
Sulfates (mg/l) 0.0 17 
Phosphates (mg 1) 1,760 2.5 
Arsenic (mg/l) 0.0 0.0 
Fluorides (mg 2,200 0.6 
Centrifuged color (mg 1) 212 0.0 


partially submerged to allow equi- 
librium to become established between 
this and the dilution water. Equi- 
librium was partially forced by adding 
water to the flask to create a differ- 
ential. The VC filter used has a flow 
rate of approximately 3.6 ce/min/sq 
em filtered at 70 em Hg, 13.5 psi dif- 
ferential pressure, and 25°C (5). This 
shows that it takes appreciable time 
for 75 to 100 ce to pass by gravity 
flow through this filter. The time re- 
quired to do so was not measured but 
was noted that it required the greater 
part of 24 hr. This test was con- 
ducted in a constant temperature bath, 
at 26°C. After 144 hr it was noted 
that all specimens were alive and _ re- 
sponding to feeding and otherwise in 
a normal manner. Thus, elemental 
phosphorus shows no toxicity at its 
solubility at 26°C. This is a partieu- 
larly important factor since all sam- 


TABLE II. -Number of Fish Surviving After Varying Times in Water 
Containing Phosphorus, August 18-22, 1958 


Concentration (mg_1)* 


rime 
hr) | | | | 
trol 
24 10 0 0 0 0 0 0 0 0 1 
18 10 0 0 0 0 0 0 0 0 0 
72 10 0 0 0 0 0'0;0/;0;0 


0 0 0 0 


0 0 


| | | j | | | 


Con- | 560) 490] 420] 370! 320] 280) 240| 210, 180 155, 135] 115] 100) 87) 75) 65/56 49! 42) 37/32/28 24/21/18) 15.5 


pe 
4 Age 
+ 
0 0 0 1 10:10:10 10:10 9} 10 
0 0 0 67) 91010 1010/9) 10 
0 0 0 2 46 9 91010 9 10 
96 10 0 0 0 0 0 45 9, 9110) 99 10 
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ples from elemental phosphorus plants 
were conducted at a constant tempera 
ture of 26°C. Three days later the 
specimens were still reacting normally 
After 


completion of this experiment the con- 


in the membrane experiment. 


tents of the flask were poured into the 
water containing the fish and all speci- 
mens were dead within 24 hr. 


Discussion and Conclusions 


These lead to the 
that in the consideration of the toxicity 
of elemental phosphorus in bio-assays 
with both 
wastes containing P,, 


tests conelusions 


and industrial 
the colloidal Pa 
the solubility 
of the 
membrane filter experiment it is read- 


pure P, 


is the toxicant within 


range of 15 to 26°C. In view 
ily seen that the ingested Py, colloid 
is the active toxicant. 

It was concluded from gravimetric 
that the did in 
reality contain P, in amounts approxi- 


tests stock solutions 
mating its solubility at 15°C. 

One bio-assay showed a 48-hr TL,, 
of 0.105 mg, 1 Py, a 72-hr TL,, of 0.053 
mg/l Py, and a 163-hr TL,, of 0.025 
mg/l P,. 

Another test revealed a 96-hr TL,, 
of 0.072 me/l Py, and a 72-hr TL,, of 
0.073 mg/l Py 

These values fall between the values 
given as the range of the TL, 


The bio-assay data given in Table II 


lists the TL,, as being 39.5 mg/l but 
from Table I the total phosphates were 
1,760 mel as PO, 
the TL,, as P, is not greater than 0.092 


mg/l based on the total phosphates. 


This means that 


As was pointed out by Henderson 
(6): ‘* With most chemicals, we believe 
that a true 
loidal state is primarily responsible for 
toxicity.’’ This is certainly true for 
the data ob- 
phosphorus 


The 


solution rather than a eol- 


most chemicals; however, 
tained that 


is not toxie at its low solubility. 


here indicate 
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acids of phosphorus are toxic at a 
low pli (about five below) but 
neutralization with NaOll 
them non-toxic. test so- 
with colloid non- 
toxic. The colloidal Ps is toxie in small 
quantities at pH’s sufficiently high to 
rule out 
phorus as the toxicant. 

The toxicity of colloidal Py has not 
been delineated quantitatively to any 
specific value but a range of values 
from 0.105 mg/l Py at 48 hr to 0.025 
mg/l Py at 163 hr have been repro- 
duced well enough to say that the TL,, 
of colloidal P,; is not greater than 0.105 
mg/l Py at 48 hr nor less than 0.025 
mg/l Py, at 163 hr. 


and 
dilute 
The 


removed is 


render 
lution 


the complex acids of phos- 
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THE OPERATOR’S CORNER 


The term sludge conditioning as 
commonly used in sewage treatment re- 
lates to a by which 


sludge is conditioned or 


process sewave 


made ready 


for dewatering on a vacuum filter. A 
strict interpretation of the term would 
perhaps include sludge digestion since 
this process greatly improves dewater- 
Three methods of 


ing characteristies. 


8.11 Thickening 


Sludge as removed from sedimenta- 
tion tanks often much 
moisture to permit economical dewater- 
ing. The major purposes of thicken- 
are to remove excess water from 


contains too 


ing 
the sludge and increase the uniformity 
of solids. 

When sludge is removed from pri- 
mary sedimentation tanks, either by 
gravity or pumping, it is not prae- 
ticable, even with reasonable eare, to 
prevent large quantities of the over- 
lying liquid from flowing through the 
withdrawal These 


lines. quantities 


increase when pumping rates increase 


and when the sludge fails to move 
readily to the withdrawal lines. 
Sludge from sedimentation tanks 


following trickling filters or activated 
sludge units may be low in solids, with 
moisture well dispersed throughout the 
sludge mass. 


8.111 Gravity:—Primary sludge con- 


taining excess moisture possibly may 


* Chapter 8 of MOP 11, 
Plants. 


Operation of Sew 
age Treatment Earlier chapters ap 
peared 


in the September, October, and No 
vember issues. 


8. SLUDGE CONDITIONING * 


8.1 DESCRIPTION OF PROCESSES 
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sludge conditioning are generally ree- 
ognized: (a) thickening, (b) chemical 
coagulation, and (¢) elutriation. Any 
one or more of these may be used to 
prepare the sludge for dewatering on 
the filter. 

The term applies also to thickening 
of sludge prior to sludge digestion. 


This is 


be concentrated by resettling. 
the simplest form of thickening. 


Facilities are often provided for 
withdrawing sludge by gravity from 
the hoppers of a sedimentation tank to 
a small adjacent tank. A common 
method employs a weir in a telescoping 
section of the sludge-withdrawal line 
which may be raised or lowered to. gov- 
ern the rate of flow from the hoppers. 
Before transferring the sludge from 
this small tank to the digester or vae- 
uum filter, the sludge is allowed to 
resettle and the supernatant is_ re- 
turned to the sedimentation tank. 

Sludge is often stored for a day or 
even several days in a large holding 
tank before removal for vacuum filtra- 
tion. 
(a) 


This storage is necessary when 

vacuum filtration behind 
sludge removal, not con- 
ducted daily, or (c) when sludge is 
transported by tank truck to other 
locations. Simple gravity settling in 
such tanks followed by decanting of 
the supernatant the 
moisture content substantially. 

The content by 
these methods may be as much as 100 
per cent. Sludges hava been known 


lags 


(b) or is 


often reduces 


inerease solids 


i. 
ot 
zt 
: 
5 
| 
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FIGURE 8-1.—Sludge thickener. 


to be increased regularly from a 5-per 


level to 10 


with 3 


cent solids and 
have 


concentrated to 6 per 


per cent, 


sludges per cent solids 
regularly been 
cent. Not all will behave in 
this manner without mechanical thick 


sludges 


however, 


nin 
Sludge removed from secondary set 


tling tanks usually cannot be concen 
trated sufficiently by 
methods. 


simple gravity 
For these sludges, mechani- 
cal thickening is employed frequently, 
with or without the 


addition of pri- 


mary sludge 

8.112 Mechanical Stirring: —Thick 
ening may be improved by mechanical 
stirring combined with gravity separa- 
tion A 


CONSISTS of a 


common type of thiekener 
tank equipped with 
slowly moving vertical sludge paddles 
built like 


or collectors a picket fence 


( Figure Most tanks so equipped 
although 


tanks may be used. 


are circular, rectangular 
Sludge normally is pumped continu- 
the the 


tank detention 


ously from tank to 
Which has a 
period of from 2 to 4 hr. The sludge 


concentrates at the bottom of the tank 


settling 
thickener 


and is moved mechanically to either 
the tank or the 
end of a rectangular tank for removal. 


center of a eireular 


A blanket of sludge is maintained by 
controlled continuous removal at a low 
rate. 

To date there has not been enough 
experience at enough installations to 
develop a good understanding of opera- 
tional problems and effective manage- 
ment procedures. 


8.113 Pressurized Flotation: 


involves 


The 


process solids 


separation of 
from sludge by applying air under 
pressure through the sludge mass, with 
or without the coagulating 

The floeeculating sludge eol- 
the the aerated 
Where it is removed by 


use of 
chemicals. 
lects at surface of 
liquid col- 
lecting equipment. 

Sludge is 


either cireular or 


introduced into a_ tank, 
rectangular, through 
a line in which air is introduced in fine 
bubbles. The effluent 
a small clarification compartment from 
which a portion of the clarified liquor 
is recirenlated to the inlet pipe. 
Auxiliary air is introduced aeross the 
bottom of the tank. 
in the order of 


passes through 


Detention periods 
15 min are common. 
To date there has not been enoueh 


experience at enough installations to 


develop a good understanding of op- 
erational problems and effective man- 


avement procedures. 
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8.12 Chemical Coagulation 

When certain chemicals alone or in 
combination are added to a raw or 
digested sludge, they form a relatively 
insoluble floc which agglomerates sus- 
pended and colloidal particles. 


8.121 Chemicals Used:—Chemicals 
used have included sulfuric acid, alum, 
chlorinated copperas, ferrous sulfate, 
and ferrie chloride, with or without 
lime (Figure 8-2). Ferric chloride 
probably is the most widely used co- 
agulant. Lime used with ferrie chlo- 
ride precipitates the bicarbonate alka- 
linity of the liquid fraction of the 
sludge, reducing the required dosage of 
the latter. The choice of chemicals 
often depends on local cost and avail- 
ability. 

Chemicals are thoroughly mixed 
with the sludge by gentle agitation for 
1 to 2 min before the sludge is ready 
for filtering. 


8.13 Elutriation 
Elutriation is the washing of di- 
gested sludge to remove alkalinity and 
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thus reduce coagulant demand. It is 
accomplished by mixing the sludge 
with water or plant effluent for a very 
short period, often less than 20 see, 
using mechanical or diffused-air agita- 
tion. The mixture is then settled and 
the supernatant returned to another 
plant unit, usually the primary set- 
tling tank. 

The process may be single stage, 
multistage, or countercurrent. Often 
the process is carried out in tanks 
similar to sedimentation tanks, usually 
in pairs, in which sludge and wash 
water enter at opposite ends. 

With countercurrent washing, pip- 
ing and channels are arranged so that 
wash water entering the second tank 
comes in contact with sludge already 
washed in the first tank with wash 
water coming from the second stage. 
Thus, there is a counterflow of sludge 
and wash water. The volume of wash 
water required may vary from 2 to 10 
times the volume of sludge. 

The concentration of solids in the 
sludge from this process may be re- 


FIGURE 8-2.—Chemical room showing lime slakers and bottoms of 
storage bins. 
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duced somewhat, and in that sense, 
the process serves also as a thickening 
method. 

The process may remove up to 80 
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per cent of the total alkalinity of the 
sludge and reduce the amount of ferric 
chloride required for chemieal coagu- 
lation by as much as 65 to 80 per cent. 


8.2 LABORATORY CONTROL 


Laboratory tests and control meth- 
ods for sludge conditioning and de- 
watering are auxiliary and directly 
related to the tests and controls for raw 
and digested sludge (see Chapters 6 
and 7). 


The additional tests necessary and 


useful follow. 


8.21 Controls for Sludge 
Thickening 

The principal purpose of sludge 
thickening is the removal of water. 
Also important when sludge is vacuum 
filtered is uniformity of the solids 
concentration. This permits better 
control of chemical conditioning. 


8.211 Total Solids:—The total solids 
test should be conducted at least daily 
on the influent and effluent of the thick- 
ening tanks. Where sludges from pri- 
mary and secondary treatment units 
are mixed, samples of the mixture 
should be analyzed. 


8.212 Volume and Rate of Flow:. 
Daily volumes of sludge added to and 
removed from the thickening units 
need be known to determine tank per- 
formance and loadings on the digester 
or vacuum filter. 

Rates of sludge flow are needed for 
the operation of concentration tanks 
whose effectiveness depends on deten- 
tion time and overflow rates. Volumes 
and rates of flow for supernatant re- 
turned to treatment units should be 
measured and recorded. 


8.22 Controls for Elutriation 


The main purpose of the elutriation 
process is reduetion of alkalinity in 
digested sludge prior to vacuum fil- 
tration. Accordingly, the thorough- 


ness of this procedure is best measured 
by the test for bicarbonate alkalinity. 


8.23 Controls for Chemical 
Coagulation 


Control of chemicals for coagulation 
of sludge prior to dewatering on 
vacuum filters requires,a wide variety 
of tests depending on the chemicals 
used, the quality of the sludge, and 
the type of medium installed on the 
filter. 


8.231 Buchner Funnel:—This test, 
which simulates the action of the filter, 
is made to determine the optimum dos- 
age of chemicals to be used, and it 
should be run often. The test has 
value for the following reasons: 


1. It permits checking the filterabil- 
ity of the conditioned sludge before 
delivery to the filters; 

2. It permits determination of re- 
quired mixing periods, speed of mix- 
ing, and the order of chemieal addi- 
tion ; 

3. It permits trial of other coagu- 
lants without a full-seale filter run; 

4. It saves chemical costs by permit- 
ting determination of the least expen- 
sive effective mixture; and 

5. The results may suggest changes 
in other plant operations which might 
improve sludge quality. 


8.232 Filter Leaf:—Leaf tests are 
often substituted for the Buehner-fun- 
nel test. The filter-leaf test kit permits 
quite close duplication of actual filter 
conditions by using a medium similar 
to the one of the full-sized filter. 


8.233 Specific Resistance:—This test 
is used for the same reasons that the 
Buchner-funnel test is used. 


i 
: 
5 
: 
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Digested sludge, even in its most 
concentrated stage, contains too much 
water to permit economical or conveni- 
ent disposal under most circumstances. 
When this sludge is to be disposed of 
as a soil conditioner, it is commonly 
dewatered on sludge drying beds or 
a vacuum filter. Centrifuging has also 
been used. Additional moisture may 
be removed by heat drying, or com- 
pletely removed by incineration. 

Raw sludge requires vacuum filtra- 
tion, preeeded by conditioning, to re- 


9.11 Sludge Drying Beds 


Sludge drying beds commonly are 
used for small to medium-sized plants, 
particularly where there is ample area 
and where there is a good demand for 
the dewaiered sludge as a soil con- 
ditioner. 

When the digested sludge is de- 
posited on a well-drained bed of sand 
and gravel, the entrained and dissolved 
gases tend to buoy and float the solids, 
leaving a layer of relatively clear 
liquor at the bottom which drains 
through the sand quite readily. The 
major portion of this liquid drains off 
in less than a day. 

After this brief period, evaporation 
becomes an important part of the de- 
watering process. As the liquid con- 
tinues to percolate through the sand 
and evaporation continues, the sludge 
eake shrinks horizontally, producing 
cracks at the surface which accelerates 
evaporation by virtue of the increased 
surface of sludge cake exposed to the 
air. 

The beds usually consist of a_bot- 
tom layer of gravel of uniform size 
about 1 ft deep over which is laid 6 


9. SLUDGE DEWATERING 


9.1 DESCRIPTION OF PROCESSES 
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moisture for economi- 
cal and convenient disposal. After 
proper conditioning, it may contain 92 
to 95 per cent moisture or even more. 
Vacuum filtration should reduce the 
moisture content to about 70 per cent. 


move sufficient 


The sludge cake may then be incin- 
erated if desired. 

Drying on sand beds reduces the 
moisture content of well-digested 
sludge from a normal range of 90 to 95 


per cent to about 70 per cent. 


to 9 in. of clean sand. Open-joint tile 
underdrains are laid in the gravel 
layer in a manner which provides posi- 
tive drainage as the liquid passes 
through the sand and gravel. The beds 
may be open to the air or enclosed 
with glass or other light-transmitting 
materials in a structure similar to an 
ordinary greenhouse (Figure 9-1). 
Evaporation proceeds faster on open 
beds than covered beds during warm, 
fair weather, but more slowly during 
‘ainy, showy, or extremely cold 
weather. 

Incompletely digested sludge will not 
dewater readily on drying beds. Oils 
and greases discharged with the sludge 
will seriously retard drainage. 


9.12 Vacuum Filters 


Vacuum filters are used more often 
than any other device to reduce the 
moisture in undigested sludge. Also, 
they frequently are used to dewater 
digested sludge in preparation for heat 
drying or ineineration, or before 
burial or use as fill. Even in small 
plants, a vaenum filter may be used 
instead of sand drying beds where (a) 


\ 
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FIGURE 9-1.—Covered drying beds. 


limited, (b 
closely controlled. or (¢ 


space Is odors must be 
constituents 
of the digested sludge make drying on 
sand beds difficult. 

If properly conditioned sludge is 
spread out in a thin layer on a satis- 
factory filtering material, its moisture 
content be reduced greatly and 
quickly, This principle is used in the 
construction of a filter. 


may 


Vacuum 


- The 


essen- 


9.121 Filtration Equipment: 
vacuum filter (Figure 9-2) is 
tially a drum over which is laid the 
filtering usually a eloth of 
cotton, wool, synthetic fibers, or plastie, 
or a stainless steel mesh, or 


medium, 


a double 
layer of stainless steel coil springs. 
The drum is suspended horizontally so 
that about one quarter of its diameter 
is in a vat or trough containing sludge. 


f : FIGURE 9-2.—Vacuum filter and conveyor. 
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Valves and piping are arranged to ap- 
ply a vacuum on the inner side of the 
filter medium as the drum _ rotates 
slowly in the sludge. The vacuum 
holds the sludge against the drum, and 
it continues to be applied as the drum 
This 
pulls water away from the sludge, leav- 
ing a moist mat or cake on the outer 
surface. 


rotates out of the sludge trough. 


The mat is scraped, blown, 
or lifted away from the drum just be- 
fore it enters the sludge tank again. 

While operating costs, including con- 
ditioning of sludge for vacuum filtra- 
tion, are usually higher than with 
sludge beds, filtration has the advan- 
tages of requiring much less area and 
it is independent of weather conditions. 
It may also eliminate the need for di- 


9.21 Preparation 


Drying beds should be prepared well 
in advance of the time a new batch of 
sludge is to be discharged from the 
digester. Preparation should include 
the following work. 
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9.2 MANAGEMENT OF DRYING BEDS 


FIGURE 9-3.—Partially dried and wet sludge are in adjacent sections 
of this open drying bed. 
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gestion, inasmuch as raw sludge can be 
dewatered sufficiently to be heat-dried 
or incinerated. 


9.13 Centrifuging 


Sludge may be dewatered by high- 
speed centrifuging. The moisture may 
be reduced to a point where the total 
solids content of the dewatered sludge 
is in the range of 65 to 70 per cent. 

Frequently, the centrate from this 


process has a relatively high solids 
content compared with the filtrate 
from vacuum filters or the effluent 


from the underdrains of drying beds. 


This may impose a serious burden on 
the 
centrate is returned. 


treatment facilities to which the 


1. Remove ali old sludge as soon as 
convenient after it has dewatered suffi- 


ciently. Well-dewatered sludge has a 
cracked, spongy appearance when 
squeezed and is readily forked. (Fig- 


ure 9-3). Its moisture content should 
be no more than about 70 per cent. 


a 
be 
i 
‘ 
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FIGURE 9-4.—Sludge-bed rake. 


2. Never add sludge to a bed already 
covered with sludge. 

3. Remove all weeds or other vegeta- 
Weed killers are generally the 
effective if extensive. 
Otherwise, hand-weeding will be satis- 


tion. 
most erowth is 
factory. 

4. Level the sand and searify the 
surface with rakes, spikes, or a spring- 
tooth Figure 9-4) ; 
just adding 


relevel 
This re- 
duces compaction of the sand at the 


harrow 
before sludge 
surface, thereby improving its filtering 
ability. 


9.22 Replacement of Sand 


Replenish the sand to its original 


depth periodically. Some sand is re- 
moved each time the sludge is removed. 
Clean, coarse sand should be used for 
replacement. It is a good plan to 
match as nearly as possible the sand 


which has proved effective. 


9.23 Digested Sludge Quality 


Sludge should not be added to the 
drying beds until it is properly di- 
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vested. Poorly digested sludge is of- 
fensive in odor and dewaters slowly. 
Sludge that ‘‘dead’’ from 
long-time storage after normal diges- 


has become 


tion has been completed dewaters very 
slowly also. 

Oils, greases, and other fatty, float- 
ing will clog the sand and 
should not be deposited on the beds. 

Samples of the sludge should be ex- 
amined before withdrawal to determine 
whether it 
lined in Section 7.63. 


materials 


has the characteristies out- 


9.24 Withdrawal of Sludge 


Sludge should be withdrawn from 
the digester at a rate sufficiently high 
to clear the pipeline to the bed. Well- 
compacted material, including grit, at 
the inlet end of the line make 
rodding or back-flushing 
Usually, the valves 
fully or nearly so at 
full 
should be 


may 
necessary. 
must be 
the 
established, 


opened 
start. 
the 
just enough 
regular flow. This 
adjustment should keep the lighter, wa- 
tery sludge from coning to the pipe 
inlet. 

After sludge drawn from 
a digester, lines should be drained and 
flushed with water. This not only pre- 
vents plugging of the line, but pre- 
cludes the high in- 
ternal pressures caused by 
generated in the left in 
lines. 


soon as flow is 


valves closed 


to maintain 


has been 


development of 
vases 
sludge the 

Caution should be exercised because 
these gases, when mixed with air, are 
highly and 
smoking when 


explosive. Open flames 


should be prohibited 


opening sludge valves on free dis- 


charge lines. 


9.25 Depth of Sludge 


Sludge should be deposited at a 
depth not than & to 10 in. 
With good drying conditions, a well- 
digested at this depth should 
dewater and be 


for removal in from one to two weeks. 


ereater 


sludge 


satisfactorily ready 


a9 
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Sludge high in solids may require up 
to three weeks or longer unless de- 
posited at a lesser depth. 

The volume of sludge ordinarily will 
be reduced by 60 per cent or more 
by these dewatering methods. 


9.26 Removing Sludge from 
Beds 


The best time to remove sludge from 
the drying beds depends on: 


1. Suitability for subsequent treat- 
ment by grinding or shredding, 

2. The need to remove the next 
batch of sludge from the digesters, and 

3. The moisture content of the 
sludge on the beds. 


Sludge cake can be removed by 
shovel or forks at a moisture content 
of 60 to 70 per cent. But if it is 
allowed to dry to 40 per cent moisture, 
it will weigh only about half to two- 
thirds as much and handle better. 


9.261 Equipment Used:—A _ few 
large plants have mechanical elevators, 
conveyors, and loaders, but most op- 
erators must use hand tools to lift 
the sludge from the sand surface. One 
of the best tools is a shovel-like fork 
having several tines an inch or so 
apart, such as an ensilage, coal, or 
stone fork. With a fork, sludge can 
be removed with much less sand loss 
than with a shovel. Nevertheless, some 
sand will cling to the bottom of the 
sludge cake, and eventually this sand 
will have to be replaced. 

Many small plant operators use 
wheelbarrows to haul the sludge from 
the bed. Planks are laid on the bed 
for a runway. Wheelbarrows can be 
placed close to the worker so that the 
shoveling distance is not great. 

Many plants use pickup trucks or 
small dump trucks. The dump truck 
has the advantage of quick unloading 
and most municipalities have them for 
other purposes. Where trucks are 
used, it is best to have concrete tread- 
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ways in the bed wide enough to carry 
dual wheels; the bed would be dam- 
aged if the truck were driven directly 
onto the sand. The treadways should 
be spaced so that the distance from 
any part of the bed to the truck is con- 
venient. If there are no permanent 
treadways, heavy planks may be placed 
on the sand. 

The crawler trailer with side bins 
is very popular in larger plants be- 
cause it can operate on any shape or 
size of bed without treadways. Less 
commonly, industrial railways with 
small dump ears are used. 


9.262 Disposal:—The sludge _ re- 
moved from the bed may be disposed 
of as discussed later or it may be stock- 
piled and allowed to weather over 
winter or for several months before 
disposal. Weathering makes the sludge 
friable, improving its suitability for 
disposal for agricultural uses. 


9.27 Chemical Conditioning 


Usually, no chemical conditioning of 
sludge is necessary for effective de- 
watering. But under adverse condi- 
tions, certain chemicals are useful. 
Benefits may be expected when drying 
beds are inadequate or the sludge’s 
drying characteristics are poor. 

Alum has been used successfully in 
dosages of 1 lb of the commercial 
grade to 100 gal of sludge. The alum 
reacts with the carbonate salts in the 
sludge releasing carbon dioxide gas 
causing the sludge to float and the 
liquor to drain out more readily. Dry- 
ing time may be reduced by 50 per 
cent or more. To be effective, alum 
must be mixed quickly with the sludge 
as it flows to the beds. 

Other chemicals have been used with 
varying degrees of success. Odors may 
be effectively controlled by adding 
chloride of lime to the sludge as it is 
discharged to the beds, but the lime 
tends to clog the sand. Hydrated 
lime also is used for odor control. 
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9.3 MANAGEMENT OF VACUUM FILTRATION 


Any discussion of operational con 
trols for vacuum filtration must in- 
clude the methods and controls used in 
conditioning the sludge. These con- 
trols therefore, are discussed here. 

The operator of a vacuum filter is 
interested mainly in (a) good produe- 
tion or yield from the filter, (b) econ- 
omy of operation, and (¢) a good qual- 
ity filter cake. 

Effective management of vaeuum 
filtration depends ‘on (@) the char- 
acteristics of the sludge before con- 
ditioning, (b) effectiveness of sludge 
conditioning, and (c) filter equipment 
and media. 


9.31 Sludge Characteristics 
Affecting Filtration 


Characteristics of the sludge which 
affect filter vield, economy, and filter- 
cake quality are: 


1. Size, shape, and charge of the 
solid particles, 

2. Solids concentration and volatile 
content, 

3. Chemical composition, 

4. Compressibility, and 
Viscosity. 

Each operator must determine 
within the limitations of his plant and 
quality of the raw sludge, how he ean 
best control solids content, chemical 
composition, and some of the physical 
characteristics. 


9.32 Control of Solids 
Concentration 


As discussed in Chapter 8. the sol- 
ids concentration or percentage of 
total solids in the sludge may be al- 
tered by: (a) methods of withdrawal 
of sludge from settline tanks. (b 
thickening processes such as mechani- 
eal stirring or pressurized flotation, 
(¢c) elutriation, and (d) digestion. 


It is generally recognized that filter 


vields inerease as the solids conecen- 


trations applied to the filter increase. 
This relationship is not necessarily 
proportional, although it may be in 
some cases. Less conditioning chemi- 
cals are required per pound of dry 
solids for sludges with high solids con- 
centrations, 


9.33 Control of Chemical 
Composition 


The chemical composition of raw 
sludge has a definite effect on the 
several conditioning processes utilized 
before filtration. Conversely, many of 
the constituents affecting vacuum fil- 
tration are altered markedly by diges- 
tion, elutriation, and chemical coagula- 
tion. The demand for conditioning 
chemicals may be considered in two 
parts: (a@) that imposed by the volatile 
matter in the sludge solids and (bd) 
that imposed by the alkalinity of the 
liquid fraction. 


9.331 Volatile Content:—The vola- 
tile content of the sludge is reduced 
by digestion from a level of about 
70 per cent of the total solids to 40 
to 45 per cent. Other conditioning 
processes do not materially reduce the 
volatile matter, except as some of it 
is lost in the elutriation process or 
with the effluent from thickening tanks. 


9.332 Alkalinity : The  coneentra 
tion of the bicarbonates of ammonium 
and calcium, as measured by the bi- 
carbonate alkalinity test, is changed 
substantially by digestion. Alkalinity 
measured as a_ percentage of total 
sludge solids may be inereased from 
ten- to thirtyfold during digestion. 
Alkalinity imposes a demand for 
coagulating chemicals such as ferric 
chloride. For this reason, it may be 
economical to reduce the alkalinity by 
elutriation. The inerease in alkalinity 
of waste activated sludge during di- 
gestion may reach such high levels 
that the benefit of gas production from 


de 
r 
ete Fe 
af 
a 
we 
‘4 
_ 


Vol. 32, No. 12 


digestion may be more than offset by 
the cost of conditioning chemicals. On 
the other hand, undigested waste aecti- 
vated sludge contains a high percent- 
age of moisture which increases the 
chemical conditioning cost and size of 
filter required. An alternative is to 
thicken the sludge without digestion 
or subject the sludge to elutriation or 
both. The operator should decide 
which course to follow on the basis of 
relative costs. 


9.333 Selection of Coagulants:— 
Many factors must be considered by 
the operator in deciding which chemi- 
cals to use. He might start out by 
trying those which have been found 
to be effective elsewhere and experi- 
ment with different combinations. In 
the end, the decision will be made on 
the basis of availability, effectiveness, 
and cost. Standard tests using the 
Buchner funnel, filter leaf, or the spe- 
cific resistance concept are indispen- 
sable in making this decision. 

General experience indicates the fol- 
lowing relationships : 


1. Lime may be used by itself or 
nearly so for heavy raw sludge, di- 
vested sludge, and some dilute, elutri- 
ated digested sludge. 

2. Ferrie chloride and alum = are 
often the most economical combination 
for sludges of low alkalinity and high 
solids. 

3. Ferrie chloride, chlorinated cop- 
peras, ferric sulfate, and combinations 
of ferric chloride and alum are effee- 
tive on most elutriated sludges. 

4. Synthetic polymers show promise 
of effectively and rapidly floceulating 
finely dispersed solids. 

5. Ferric salts and lime in combina- 
tion are sometimes effective on waste 
activated sludge or mixtures of waste 
activated sludge and fresh sludge. 


9.334 Dosage:—The quantity of 
chemicals required may be estimated 
from calculations based on the stand- 
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ard tests discussed under laboratory 
methods. Adjustments — frequently 
need to be made on the basis of filter- 
ing performance and quality of the 
sludge eake. 

When using a combination of coagu- 
lants, the order of addition and rela- 
tive quantities of the chemicals are 
important in terms of performance and 
cost. For example, it is often more 


effective and cheaper to use a small, 


quantity of ferric chloride and follow 
it with a larger dosage of lime. 

Overdosages, however, of coagulants 
may greatly increase the cost without 
improving filter performance. 

High-ealeium or  dolomitie lime 
should be used. Magnesium lime is 
not effective and tends to clog filter 
media. 


9.335 Mixing:—Mixing of coagulat- 
ing chemicals with the sludge should 
be thorough and gentle; it is usually 
accomplished in less than 2 min. The 
effect of detention time on filtration 
rate varies with different sludges. 
Generally, detention periods up to 30 
min do not change the filtering char- 
acteristics much. 

The conditioned sludge should be 
agitated gently in the sludge vat. 
Usually, intermittent agitation is most 
effective, but in other situations, con- 
tinuous agitation is sastifactory. The 
operator should experiment to deter- 
mine the most effective means. 


9.34 Depth of Submergence 


The operator should try varying 
depths of submergence of the drum 
in the sludge vat to find which depth 
gives the best performance. The 
amount of overflow from the vat should 
be kept as low as possible. 


9.35 Drum Speed 


The higher the drum speed, the 
greater the yield within the limits im- 
posed by characteristics of the sludge 
and the filter medium. The operator 
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should determine the most effective 


speed by trial and error. 


9.36 Vacuum 

The higher the vacuum, the greater 
the filter yield. Normally, a vacuum 
range of 12 to 15 in. of mereury is 
effective in terms of filter yield and 
quality of cake. The small 
in yield for higher vacuums usually 
does not justify the additional power 
cost. 


9.37 Cleaning Media 


All types of filter media 
should be cleaned at the end of each 
filter run to remove the sludge. This 


spraying 


inerease 


vacuum 


is usually accomplished by 
water directly on the media. 
When a filter cloth is so seriously 


blinded that the filter spray will not 
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remove the sludge effectively, a high- 


pressure stream from a 14-in. nozzle 
sometimes can be used successfully. If 
this method is not effective, a detergent 
may be used in 
high-pressure stream of water. 
detergent is added to water and agi- 
tated in the vat 


oughly cleaned. 


with a 
The 


combination 


which has been thor- 
is rotated 
at full speed for several hours until 


The drum 


the sludge is penetrated and softened. 
The vat is then flushed 
with water. A high pressure stream of 
water is 


drained and 


remove the sludge 
from the filter cloth. 

Metal 
in a 


used to 


media are cleaned routinely 
manner similar to that used for 
cleaning cloth filters. When blinding 
occurs, the accumulated 


removed by 


materials are 


immersion in acid fol- 


lowed by an alkaline bath. 


9.4 LABORATORY CONTROL 


9.41 Sludge Drying Beds 


Observations made in 
connection with sludge dewatering on 
drying beds are those deseribed in the 


section on digested sludge in Chapter 


commonly 


7. Laboratory tests are seldom per- 


formed on the 
from the bed. The operator can de- 
pend on the extent of cracking, tex- 
ture, moisture of the 
cake to indicate when it is ready for 
removal. 


dry sludge removed 


and apparent 


9.42 Vacuum Filtration 


Laboratory tests made on the sludge 
before filtration are discussed in Chap- 
ters 6 and 7. Determinations regu- 
larly needed by the filter operator are 
total total 


solids, total alkalinity, and pH. Spe- 


solids, volatile content of 


include examinations for 
and toxie metals (if 
be present in significant 


cial tests 


grease content 
suspected to 
quantities 

made on the 
amount of chemicals required and 
used in the filtration Filter 
rates are usually calenlated to deter- 


Caleulations must be 


process. 


mine performance. 

9.421 Filter Cake:—Principal 
performed on filter cake are those for 
total and Filter yield 
is expressed as lb of dry solids filtered 


tests 
volatile solids. 


per sq ft per hr (psf/hr 


9.422 Filtrate: 
filtrate 
solids content and 


The quality of the 


may be significant when its 
BOD concentration 
minimum for re- 


further 


must 
turn to 
treatment. 


be kept to a 
plant 


processes for 
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The purposes of the heat drying of 
sludge are: 


1. To reduce the moisture content of 
the dewatered sludge so that its vol- 
ume is reduced to a practical minimum 
for convenient and dis- 
posal ; 


economical 


2. To retain the fertilizing proper- 
ties of the dewatered sludge ; 

3. To retain and improve its soil- 
conditioning properties ; 

4. To destroy organisms capable of 
producing disease ; and 


10.11 Sludge Drying 


Sludge cake from the vacuum filter 
may be dewatered further by heat 
drying. Moisture is reduced to about 
10 per cent, thereby increasing the 
total solids content of the sludge cake 
from about 30 to about 90 per cent. 
Odor-producing substances are reduced 
to the point where dried sludge may 
be placed on land surfaces without 
creating a nuisance. 

When activated sludge is heat dried 
at normal operating temperatures, 
disease organisms are eliminated, justi- 
fying general use of this product as a 
fertilizer or soil conditioner. 

Gases released during the drying 
are offensive and should be 
destroyed or greatly reduced by oxi- 
dation at high temperatures before re- 
lease. The fine ash carried out with 
the gases is an unwanted addition 
to the atmosphere. It may be con- 


process 


trolled by adding moisture in the stack 
before release to the atmosphere or 
by other methods. 


10. HEAT DRYING AND INCINERATION 
OF SLUDGE 


10.1 DESCRIPTION OF PROCESS 
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5. To reduce possible odors. 
The purposes of incineration of 
sludge are: 


1. To destroy all organic material, 
kill all organisms, and reduce the vol- 
ume to a minimum ; 


2. To control by burning all gases 
released from the sludge; and 


3. To produce a material which can 
be disposed of readily by economical 
means. 


10.111 Flash Drying:—This process 
subjects sludge cake to high tempera- 
tures for a short period (Figure 10— 
1). The cake is first mixed with some 
dry sludge to reduce its moisture con- 
tent, break it up, and make it less 
sticky. The mixture is then put into 
the drying system where it is moved 
at a velocity of several thousand feet 
per minute in a stream of gas having 
a temperature of about 1,100°F. It 
passes through this high temperature 
zone in a few seconds, during which 
the moisture is reduced to about 10 per 
cent. In a eyelone separator, the dried 
sludge is separated from the gases 
and vapors. The dried sludge has a 
temperature of about 180°F and none 
of the fertilizing properties in the 
original sludge cake has been de- 
stroyed. Gases released from the sys- 
tem may be burned to reduce odors. 
The sludge is now ready for disposal. 
It may be conveyed by air to a sepa- 
rate furnace for conversion to ash. 
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FIGURE 10-1.—Flash drying system with incinerator. 


FIGURE 10-2.—Rotary-kiln dryer. Pug mill at upper left feeds sludge to dryer. 
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10.112 


system 


-This 
a rotating cylinder 
revolving at speeds of 4 to 8 rpm, with 
heated gases entering at one end with 
the sludge (Figure 10-2). 
Baffles flights help break up and 
mix the drying sludge as it passes 
from inlet to outlet. A portion of the 
dried returned for mixing 
with the sludge 


Rotary-Kiln Drying: 


consists of 


cake 


or 


sludge is 


cake, thereby reducing 


be- 
The 
dried sludge is quite granular and may 
contain 


its moisture and breaking it up 


fore it is subjected to drying. 


¢clinker-like masses which re- 


EMERGENCY DAMPER 
OPENS ON POWER OR 
WATER STOPPAGE 
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quire grinding before use as a ferti- 
lizer soil conditioner. 


10.113 Wet-Sludge Drying :—Wet 
sludge may be dried by spraying it 
into a vertical tower through which 
hot gases are passed downward. The 
water is evaporated from the atomized 
particles and passes off with the hot 
gases as the dried sludge drops to the 
bottom of the tower. Dust earried 
with the hot gases is removed by a 
dust catcher or separator. The dried 
solids may be used as a fertilizer or 
burned. 


or 
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FIGURE 10-3.—Multiple-hearth furnace. 
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10.12 Incineration 


Dewatered or. dried sludge is 
verted to ash by burning at tempera- 
tures between 1,250 and 1,600°KF. This 
may be accomplished in either a ey- 
clone or flash-type furnace, installed 
in connection with a flash dryer, or in 
a multiple-hearth furnace 


10.121 Flash Type:—The fluffy, dried 
sludge produced by the flash dryer may 
be blown into the fire box of this kind 
of furnace in a manner similar to that 
used for applying powdered fuel. The 


cCon- 


heat of combustion is used for opera- 


tion of the dryer 


10.122 Multiple Hearth:—This unit 
is a combination dryer and incinerator 
(Figure 10-3 The 
of a vertical cylinder lined with fire 
brick or 
of four or 


furnace consists 


other refractory. <A_ series 


more hearths are mounted 


The 
onto the 


one above the other. dewatered 


sludge is fed uppermost 
it is partially dried by 


Ro- 


tating plows or mechanically operated 


hearth where 


hot gases from the lower hearths. 


sludge 
from one hearth to another until dried 
sufficiently for burning. 


rakes move the successively 
Temperatures 
1.000°F 
1.600 to 


range from about 
hearth to 


on the top 


about 1.800 K on 


JOURNAL 


WPCF recember 1960 
the middle hearth and down to about 
600°F on the bottom hearth. The ex 
haust gases are used to preheat air 
returned to the top hearth. 


10.123 Control of Waste Gases and 
Fly Ash:—In all types of incinerators, 
the waste gases from combustion must 
be heated to about 1,250°F 
and kept until they 
pletely burned to prevent 


or higher 


there are com- 
nui- 


remove 


odor 
sance. It is also essential to 
dust, fly ash, and soot. This is usually 
accomplished by a centrifugal separa- 


tor or an electrical precipitator. 


10.124 Auxiliary Fuel: 

mary with about 70 
volatile content have a heat value of 
about 8.000 Btu/lb of dry solids. No 
heat 
bustion has been started, and usually 
heat from the 
Raw activated 
requires auxiliary heat 
Digested 
sludge may or may not require auxil- 


pri- 
cent 


Raw 


solids per 


auxiliary is required after com- 


there is an exeess of 
incineration 
sludge often 
for effective 


process. 
incineration. 
iary heat, depending on the moisture 


sludge cake and _ its 
Supplementary heat 
is required to start operations and sus- 
tain until effective 


of the solids has been established. 


content of the 
volatile content. 


them combustion 
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Sludge is generally spread on land 
or buried. At a few places, it is dis- 
charged to the other very 
large bodies of water, but this method 
is sO exceptional that it does not war- 
rant discussion here. 

Disposal on or into the land is ae- 
complished in many ways and at all 
stages of sludge treatment. The prin- 


ocean or 


cipal methods used are: 


SLUDGE DISPOSAL 


11.1 DESCRIPTION OF METHODS 


1. Distribution on the land as a 
fertilizer or soil conditioner. (All plant 
operators interested in this method 
should refer to the Federation Manual 
of Practice No. 2, Utilization of Sew- 
age Sludge as Fertilizer.), 

2. Distribution on land as ash, 

3. Lagooning, 

4. Burial, and 

5. Land fill. 


11.11 Fertilizer or Soil 


Conditioner 


The commonest method of disposal 
for all classes of sludge is by distribu- 
tion on land surfaces for agricultural 
purposes. Sludge in the following 
forms and conditions is distributed by 
many methods: 


1. Sludge from drying beds should 
not be used on soils where vegetables 
and fruits would come directly in con- 
tact with it. Sludge of this nature 
may contain significant quantities of 
disease organisms. Sludge from dry- 
ing beds may be used for farm crops 
by plowing or the 
land-preparation 
It may safely be used 
lawns in 


harrowing it into 
soil by 
methods. 


for 


ordinary 
also 
and 
con- 


parks, cemeteries, 
other areas where direct personal 
tact is minimal 

2. Sludge filters may 
be distributed in the same general way 
with the 


from *vacuum 


as sludge from sand_ beds, 
restrictions on its 
3. Heat-dried sludge, as 


well as heat-dried digested sludge, is 


same use. 


activated 


safe from a public health standpoint. 
Frequently, such sludge is bagged or 
packaged for convenient handling and 
11-1 


distribution (Figure 
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4. Liquid sludge, either raw or di- 
gested, generally is unsafe for use as 
a fertilizer or soil conditioner except 
for farm crops and soil building where 
opportunity for direct human contact 
is practically non-existent (Figure 11- 
2). 


11.12 Disposal as Ash 


When sludge of any quality is con- 
verted to ash by burning at tempera- 


: 
iy. 
j 
a FIGURE 11-1.—Bagging dried sludge. : 
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FIGURE 11-2.—Tank trucks for hauling liquid sludge. 


1,400 to 1,600°F 
terial and disease 
tively 

The 


merely 


tures of , organic ma- 


organisms are effee- 
destroyed. 

ash may be used for fill or 
sluiced to the ground 
nearby. It has no value 
and little, if 


ditioner. 


surface 
as a fertilizer 
value as a 


any, soil con- 


11.13 Lagooning 
Wet 


as well 


either digested, 


as supernatant, 


sludge, raw or 
is frequently 
lagooned either as a temporary or 
measure, 
natural or arti 


Lagooning of 


permanent Lagoons may be 


icial, 


raw undigested sludge 


or poorly digested sludge as a long- 


term means of generally 


nuisances 


disposal IS 
unsatisfactory because of the 
produced from odors arising from de 
composition, 


Well-digested 


eooned 


sludge may be la- 
dewater natu- 
percolation and evaporation. 
followed by removal of the 
other 
nuisance 
that 
from 


and allowed to 


rally by 
This is 


sludge residue by bulldozers or 


appropriate methods. Some 


may be created and for reason 


lagoons should be isolated resi- 


dential areas and commercial estab 


lishments requiring freedom from odors 


Possible pollution of subsurface wa- 


ter-bearing formations should be eare 


before 
is undertaken. 
11.14 Burial 


Burial of 
most circumstances. 


considered lavooning of 


fully 


sludge 


feasible in 
large well- 
burial may 
discharging raw 


sludge is not 
Where 
available, 
be accomplished by 


isolated areas are 


To control odors. 
with 
is placed in them. 


sludge into trenches. 
must be covered 
sluder 
Raw sludge in small quantities may be 
method 
method is available or the 


these trenches 


earth as the 
disposed of by this when no 
other 
contains 
other 
should be 


sludge 
render 
Burial 
performed by methods simi- 


constituents which 


methods impracticable. 
burial of sereen- 


lar to those used for 


ings. 


11.15 Land Fill 


Raw sludge, either wet or dewatered 


on vacuum filters, should be used for 


fill only 
sanitary 


Where it is eontrolled as a 
land fill, i.e., the sludge is 
covered promptly with earth or other 
suitable materials 

Well-digested 
dewatered, 
for land fill 
with 


both and 


satisfactorily 


sludge wet 


be used 


The 


other 


need for covering 


earth or suitable material 
depends on location and the odor prob- 


lem anticipated 
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That writer does most who gives the reader the most knowledge and takes the least time.” 


DEEDS AND DATA 


Highlights from the Annual Reports of Aurora, IIl., Beaver 


Dam, Wis., Las Vegas, Nev., Rochester, Minn., Santa Rosa, Calif., 


Walla Walla, Wash., and Worcester, Mass. 


Winuiarp P. Pretrer, Superintendent, Aurora Sanitary District, Aurora, IIll.; 


Joun F. Buppe, Chief Plant Operator, Beaver Dam, Wis.; R. P. Saver, Director 


of Public Works, Las Vegas, Nev.; W. C. Hogenson, Superintendent, Rochester, 


Minn.; M. B. McKinniz, Superintendent, Santa Rosa, Calif.; C. ZicKEroose, 


Superintendent, Walla Walla, Wash.; 


tendent, Worcester, Mass. 


Garbage Grinders 


Results of 19 composite samples from 
Rochester, Minn., revealed that the 
BOD of raw sewage in 1959 was 30 
per cent greater than in 1958 and the 
suspended solids increase approached 
20 per cent; both increases were com- 
puted on a pound basis. This inerease 
coincides with the removal of restrie- 
tions on the use of garbage grinders. 
There was an absence of any evidence 
that would suggest increases in sewage 


streneth from other sources. 


Industrial Wastes 


In an earlier report from Beaver 
Dam it was reported that lime sludge 
from the new water treatment plant 
caused damage to the growth on the 
trickling filter. The current report 
mentions that the lime waste also in- 
terfered with sludge digestion, caus- 
ing gas production to, stop and odors 
to develop. The lime sludge is now 
hauled away in a tank truck. 

Walla Walla’s troubles with Sphaero- 
tilus, first reported in DEEDS AND 
DATA in June 1960, have not de- 
creased. But from studies now com- 
pleted, the most promising answer to 
the treatment of canning wastes seems 
to be the trickling filter. 


1335 


and GrorGe E. MacDowe.., Superin- 


A portion of the Washington Pol- 
lution Control Commission’s require- 
ments in the Walla Walla case states 
that ‘‘At the location of the first legal 
irrigation diversion downstream, the 
water shall be satisfactory for irriga- 
tion purposes and shall be incapable 
of sustaining slime growth.”’ 


Operation 


Operating data from seven trickling 
filter plants appear in Table I. 


Oxidation Ponds 


The median coliform concentration 
(MPN) of the effluent from the Santa 
Rosa oxidation pond was 152. organ- 
isms ml. This is far higher than in 
other years, and believed to be caused 
by the low water level that was main- 
tained in the second pond for extra- 
ordinary reasons. During May to Oc- 
tober, the eritical season, MPN levels 
were held to 62 per mil. 

Pond water is a particular favorite 
of farmers who took 18 mil gal of ef- 
fluent between June and September. 
There were several times during the 
summer when no water reached the 
stream. This is a little more serious 
than might be imagined, for the in- 
adequate circulation is believed to have 
been the cause of conditions which re- 
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TABLE I. 


Sludge Digestion 


4 Wet sh 


le subse 


i bottom of primary unit. 


© Sludge drying bed used. 


Os 
68 


cu ft 
16 


» Two-stage digestion. 


screening only. ary 
'64, 96, 63 in top, middle, ¢ 


wimary unit. 


sulted in some odor nuisance. As soon 
as pond overflow was reestablished, the 
odor and scum disappeared. 

In addition to farmers, birds and 
bird watchers have taken a liking to 
the ponds. The watchers needed three 
pages to list the variety observed. 


Screening 


An unusual item in connection with 
the Rochester plant is that raw sewage 
is pumped to the trickling filters im- 
mediately after fine screening, skipping 
primary sedimentation. Solids failing 
to pass the 8-mesh sereen approximate 
16 per cent of all solids removed in 
the plant. The BOD removed by the 
screen is believed to be small, 


Sewers 


Santa Rosa reports that rodding costs 
for the first year its power machine 
was in operation averaged 3.8¢/ft. A 
two-man crew rodded 3°.2 miles of 
what was mostly 6-in. sewer pipe. Pipe 
capacities seem to have been increased 
noticeably. The older lines all har- 
bored quantities of rocks and ‘‘ just 
plain junk.’’ At times more than 5 
gal of debris was taken from 300 ft of 
6-in. sewer. An old set of wood sewer 
rods, 10 or 15 years on the loose, was 
rescued from oblivion. 
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TIPS AND QUIPS 


Hear! Hear! 


The bright Miss Dimmers of the 
Water and Sewage Works Manufac- 
turers Association sent us a clipping of 
a recent UPI dispatch from Skegness, 
England, which is worth repeating. 

It seems the local health committee 
had a beef about the tourist literature 
shighting one of the town’s most im- 
portant assets. To right the wrong, 
the next edition of the official @uide- 
book will contain a ‘‘suitable’’ picture 
of the sewage treatment plant 


Swimmers’ Itch 


The Cause and Control of Swimmers’ 
Itch in Michigan is the title of a new 
bulletin of the Michigan Water Re- 
sources Commission. It discusses the 
life history and geographical distribu- 
tion of the parasite which is the cause 
of the itch. The bulletin is available 
from the Commission offices at Station 
B, 300 KE. Michigan St., Lansing 13, 
Mich. 


Oil Pollution of Coastal Waters * 


Two years ago the New England In- 
terstate Water Pollution Control Com 
mission warned through the press that 
oil spills and discharges by coastal and 
naval vessels were causing serious dam 
age to our ocean waters and beaches. 

The most recent report in this regard 
involves the presence of an oil shiek in 
the Chatham-Orleans area of Cape Cod. 
The oil covered a wide strip of beach 
and killed marine life The Coast 
Guard reported that the slick could be 
detected over a T-mile area and was 
unquestionably due to the discharge of 
oil from the bilges of a tanker some- 
where offshor: It is reportedly com- 
mon practice lo pump out the bilwes 
Which contain excess oil not emptied 
in port. 

From the Newsletter of the New England 
Interstate Water Pollution Control Commis 


sion, June 1960 


Oil pollution from such sources is an 
international problem and discussions 
in Geneva in 1954 led to a Convention 
on Pollution of the Seas by Oil. The 
Convention has since been ratified by 
16 nations, but not the United States. 
It sets up no-dumping zones of vary- 
ing width off countries having pollu- 
tion problems. Other provisions pro- 
vide that ships must carry logs into 
which must be entered every instance 
of an oily-water discharge, that special 
provision be made on ships to prevent 
escape of fuel oil into bilges, and that 
the signing governments guarantee pro- 
vision of port facilities for handling 
of oily wastes. 

President Eisenhower sent notice of 
the Convention to the Senate last Feb- 
ruary for consideration, but to date no 
action toward ratification has been 
taken. 


How ‘Strikes’ Began 


An article in the Paper Makers Jour- 
nal says the first recorded use of the 
word ‘‘strike’’ dates from the year 
1200. It means ‘‘to make one’s way,”’ 
as in ‘‘strike out for home.’*> In 1707 
the London Gazctte reported a battle, 
saying, ‘The enemy struck their tents 
and formed in line.’’ 

The next step came when an event 
at Bath involving a masters’ euild was 
deseribed as follows: ‘* This day the 
whole body of chairmen... struck their 
poles and proceeded in a mutinous way 
to Guildhall, respecting the granting of 
their lieenses.”’ 

The Annual Register of Britain re- 
ported in 1768 that ‘‘this day (May 9 
the hatters struck and refused to work 
till their wages are raised.’’ Less than 
D0 years later the word was first heard 
in America when the Society of Cord 
wainers of New York-—the shoemakers’ 
union—ordered a ‘‘general strike’’ of 


its members. 
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Federation Affairs 


Ray E. 


firm of Black and Veatch, was elected 


Lawrence, partner in the 
the 


Oct. 


the Federation at 
Committee 


President of 
Election 
2, 1960. 

Mr. Lawrence began his career with 
Black and Veatch immediately after 


meeting on 


vraduation from the University of 
Kansas in 1925. Ile was appointed 
engineer for the Kansas State Board 


of Health and a member of the Civil 
Engineering staff of the University of 
Kansas in 1926. During the period of 
1926-33 he was engaged in sanitary 
engineering and served one year as 
Acting Chief Engineer for the Kansas 
State Board of Health. 

In 1933 he left the University to 


serve as Engineer Examiner and later 
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as State Director for Kansas under the 
U. S. Publie Works Administration. 
In 1937 he returned to Black and 
Veatch as a Principal Engineer and 
supervised a number of water supply 
and sewerage projects for cities in the 
Midwest. 

From 1941 to 1946 Mr. Lawrence 
worked with the war effort, first as a 
civilian and later as an officer. 

For the two-year period of 1944— 
45 he served overseas with the Chief 
Engineer, European Theater, and 
achieved the rank of Colonel. His 
duties included the logistical planning 
of utility construction for the Conti- 
nental invasion and the restoration of 
utility services supplying the military 
and civilian populations in France and 
Germany. For this Mr. 
Lawrence was awarded the Legion of 
Merit. 

Since his return to Black and Veateh 
in 1946, Mr. Lawrence been re- 
sponsible for the planning and prose- 
cution of major engineering projects. 


service, 


has 


Mr. Lawrence is a registered profes- 
sional engineer in the states of Kansas, 
Missouri, Nebraska, and New Mexico. 
HIle has been active in a number of 
technical societies and has served as a 
Director of the Federation. Other cur- 
rent activities include: membership on 
the Executive Committee, Sanitary En- 
gineering Division, American Society 
of Civil Engineers; membership on the 
Board of Trustees, American Sanitary 
Engineering Inter-Society Board; and 
the Committee on Sanitary Engineer- 
ing and Environment of the National 
Research Council Advisory Committee 
on Medical Sciences. 
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HARRY E. SCHLENZ ELECTED VICE-PRESIDENT 


Harry E. Schlenz, President of the tions, and Convention Management 
Pacifie Flush Tank Company, Chi- Committees. Until his election to the 


cago, Ill., was elected Vice-President vice-presidency, he served on the Board 
of the Federation at the Election Com- of Control as a representative of the 
mittee meeting on Oct. 2, 1960. Water and Sewage Works Manufac- 
turers Association. He was president 


of the latter organization in 1951. 

Born in Denver, Colo., Mr. Schlenz 
was graduated from the University of 
Illinois in 1927 with a B.S. in Sani- 
tary Engineering. In 1929 he received 
an M.S. in Civil Engineering and in 
1933 was awarded the professional de- 
gree of Civil Engineer. He has been 
with the Pacific Flush Tank Company 
since 1930. 

Mr. Sehlenz, a long-time Federation 
member, is also a member of the Ameri- 
can Water Works Association, Ameri- 
can Society of Civil Engineers, Illinois 


Society of Engineers, American Pub- 
lic Works Association, Engineers’ Club 
of New York, and the Army and Navy 
Club of Chicago. 


For many years a leader in the field " : 
of water pollution control, Mr. Mr. Schlenz served on the Steering 


Schlenz is well-known to Federation Committee of President Eisenhower's 
members. tHe has served the Federa- National Conference on Water Pollu- 


tion in many capacities and currently tion which was held in Washington a 
serves on the Finance, Public Rela- few days ago. 
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Something happened at Philadelphia Philadelphia exceeded the previous 
during the week of October 2. We high (Boston in 1957) by 357. 

don’t know exactly what, but just Fortunately for all, Sam Baxter had 
about every Federation convention his Loeal Arrangements Committee 
record was smashed. Total registra- geared for the big turnout. Shuttle- 
tion soared to 1,720—1,395 men and bus service between the technical ses- 


on 


25 ladies. 


sions at Convention Hall and the social 


Going back to the beginning, pre- eyents at the Sheraton was extraordi- 


regist rations began arriving at the narily successful, and John Cappio 
“eder: fice in ‘ecord-breaking > 
I ed ration ome ih record re iking deserves a lot of thanks for working 


numbers. Then the convention hous- 


ing bureau began reporting record- 
breaking numbers of room reserva- 


tions. From these reports it seemed the Loeal Host Committee, resplendent 


Mr. and Mrs. Stanley Kappe and 


certain that a record was in the offing in Colonial dress, must have invented 


but not even the most optimistic eame hospitality, judging from the eom- 


close. to guessing what the total at ments we heard, and everyone from 
tendanece would be. The 1,720 in the Pennsylvania Water Pollution Con- 
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trol Association took it upon himself 
to make visitors welcome. 

For making an outstanding conven- 
tion, the Federation will remember the 
work of: George Symons and the Pro- 
gram Committee; Harry Schlenz and 
the Convention Management Commit- 
Mrs. Suxter and the 
Ladies’ Entertainment Committee; 
Morris Hicks and the Entertainment 
Committee; Barney Palmer, Tom 
Mullineaux, the registration 
teams; George Elias and the Finance 
Committee; Ralph Hoot and the In- 
spection Trip Committee; Joe Gilbert 
and the Hotel and Convention Hall 
Arrangements Committee; Grant How- 
ell and the Publicity Committee; and 
Sam Zack and Al Estrada of the Local 
Arrangements Committee. 


tee; Samuel 


Technical Program 


The technical program was the 
largest ever—13 sessions. The at- 
tendance at these sessions and the 


luncheons might be classified 
and heavier or full and 


as heavy 
overflow. 


Speakers were effective and the discus- 
sions were stimulating. 
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President Hollis, Secretary Flemming, anc President-Elect Lawrence 


Spokesmen representing two large 
segments of the nation were the lunch- 
eon speakers. First, there was the See- 
retary of Health, Education and Wel- 
fare, Arthur S. Flemming, who 
discussed in some detail and with great 
vigor the Eisenhower administration's 
views and recommendations on 


water 
pollution control policy and legislation. 
The following day, Robert G. Dun- 


Sun Oil President Robert G. Dunlop 
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lop, President of the Sun Oil Co., pre- 
sented a polished, documented sum- 
mary of the petroleum industry’s ae- 
Drawing 
an analogy between petroleum conser- 
vation and pollution abatement, Mr. 
Dunlop detailed his own company’s 


tions in pollution control. 


position to a highly attentive audience. 

The innovation this year designating 
Wednesday as Industry Day and ex- 
tending convention invitations to many 
not now affiliated with the Federation 
was successful. 

Most of the papers presented at the 
meeting will appear in the JoURNAL 
during 1961. 


Entertainment Events 


An ‘‘Album of Memorable Musie’’ 
was the Monday evening high point. 
Headlining the billing were’ singer 
Jack Russell, well remembered from 
his four and a half years with the Sid 
Caesar—Imogene Coca Your Show of 
Shows”? and Bonnie Murray, who won 
everyone’s praise last year in Dallas. 
The show was an outstanding success. 

Wednesday evening’s Awards Ban- 
quet in the Sheraton Ballroom was at- 
tended by more than 850 members and 
guests. Following the awards presen- 
tation, there was dancing. 


Inspection Trips 
Wonderful weather heightened in- 
terest in the inspection trips to the 
Atlantic Refining Co., Philadelphia’s 
Northeast plant, and the Whitemarsh 
Township Moreover, the 


trips were a welcome change of pace 


facilities. 
in the technical program. 


Manufacturer’s Exhibit 


The Water and Sewage Works 
Manufacturers Association arranged 
the largest equipment exhibition ever 
displayed at a Federation convention. 
Fifty-six exhibitors oceupied over 100 
booths in spacious Convention Hall. 

It appeared that the exhibit area 
was better located and far busier than 
in previous years. 


December 1960 


Publicity and News Coverage 


Preparation for publicity and news 
coverage began in advance of the con- 
vention. Over 120 news releases were 
written to include every person on the 
program. These were mailed to the 
participant’s local papers, his em- 
ployer, and journals which he sug- 
gested. News releases on the conven- 
tion itself were mailed to trade publi- 
cations, Philadelphia area news outlets, 
and wire services. 

A new accommodation the 
package news kit’’ for trade journals. 
Each kit contained all releases and 
abstracts, as well as stories and pic- 
officers and 
awardees. These were available in the 


tures of Federation 
convention news room. 

The Convention Publicity Committee 
and the Pennsylvania Association did 
a remarkable job in securing experts 
to conduct the Federation’s first full- 
time coordinated publicity program. 
Because of their work, the following 
individuals deserve special praise: 
Grant Ilowell, Joe MeGinty, Andy 
Staursky, Fritz Foote, and Marian 
Castaldi, all of U.S. Steel; Ray Harris, 
convention news room chief, from the 
Philadelphia Water Department; Wil- 
liam Getty of Sun Oil; John Murdoch 
of the Pennsylvania Department of 
Health; Tom MeNeil of Eimeo; Clay- 
ton Billings of Public Works; and 
Dean Kearsh and Gene Oliva of J. 
Walter Thompson. 

Secretary Flemming appeared on tel- 
evision news broadeasts six times, Bust- 
ness Week ran a story, and the news- 
papers featured several excellent 
stories throughout the convention. 

For the first time news releases and 
abstracts were distributed during the 
convention. The selection of two stra- 
tegie places allowed everyone to ob- 
tain these items. 

The releases prepared on the par- 
ticipants resulted in the broadest pub- 
licity of any convention. In the case 


of the package news kits, the trade 
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journal representatives were especially 
grateful. Wide praise for the smooth 
operation of the news room established 
this as a most successful endeavor. 
The Federation thanks everyone who 
helped to make it possible. 


1960 Awards 


Honors and awards conferred by the 
Board of Control were presented by 
President Hollis in an impressive cere- 
mony at the Awards Banquet on 
Wednesday. 


New Honorary Member Arthur H. Niles, 
on right, receives certificate from President 
Hollis. 


Hlonorary Membership also was 
given to the late Renville Stevens Ran- 
kin, who closed a distinguished 47- 
year career on June 6, 1960. Mr. 
Rankin was a leader in the develop- 


Past-President Hatfield, on right, re- 
ceives Past-President’s Certificate from 
President Hollis. 


Presented with the Past-Presidents’ 
Certificate was William D. Hatfield, 
Consultant, Decatur, IIL, in apprecia- 


tion of his outstanding service as 
President during 1959. 


Honorary Membership was bestowed 
on Arthur H. Niles, Consultant, Boea 
Raton, Fla., and Federation Treasurer. 
Mr. Niles served as Federation Presi- 
dent, 1949-50, and is a long-time con- 
tributor to technical publications as 
well as a highly productive member of 


: 4 Emerson Medal winner Frederick H. 
many Federation committees. Waring 
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illustrious service to the Water Pollu- 
tion Control Federation, particularly 
toward fulfillment of the Federation's 
objectives. Mr. Waring serves as 
Chief Sanitary Engineer, Ohio State 
Department of Health. 

The Harrison Preseott Eddy Medal 
went to P. H. MeGauhey and Stephen 


; A. Klein of the University of Cali- 
fornia for their paper, ‘‘Removal of 

ABS by Sewage Treatment,’’ as pub- 

: lished in the August 1959 issue of 
SEWAGE INDUSTRIAL WASTES. } 


Stephen A. Klein receives Harrison 
Prescott Eddy Medal from President 
Hollis. 


ment of new and improved equipment 
for water pollution control. 

The Charles Alvin Emerson Medal 
was received by Frederick H. Waring 
dedicated and 


in recognition of his 


President Hollis congratulating Indus- 
trial Wastes Medal winners Claude de 
Courval and T. W. Beak. 


Theirs was an outstanding research 
contribution furthering the under- 


standing of detergent removal from 


Wasiewaler. 

The recipients of the George Brad- 
ley Gascoigne Medal were Ceeil D. 
Parker, Harold L. Jones, and Neil C. 
Greene, all of the Melbourne and 
Metropolitan Board of Works Research 
Laboratory, Melbourne, Australia. 


This award was in recognition of the 
excellence and importance of their pa- 


per, ‘‘Performance of Large Sewage 
Lagoons at Melbourne, Australia,’’ as 


Gascoigne Medal winner C. D. Parker 
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published in the February 1959 issue 
of SewaGce INDUSTRIAL WASTES. 

The Industrial Wastes Medal was 
awarded to T. W. Claude de 
Courval, and Norman E. Cooke, for 
their authorship of ‘‘Pollution Mon- 
itoring and Prevention by Use of Bi- 
variate Control Charts,’’ as published 
in the December 1959 issue of SEWAGE 
AND INpustTRIAL Wastes. This paper 
presented an important, new applica- 
tion of mathematical statistics to the 
findings of biological investigations for 
the evaluation of the pollutional ef- 
fects of an industrial waste. Canadi- 
ans all, Mr. Beak is a consulting bi- 
ologist from Kingston, Ont.; Mr. de 
Courval is principal chemical engi- 
neer and Dr. Cooke is mathematical 
statistician, Canadian Industries Lim- 
ited, Montreal, Que. 

Nominations for the 1960 Arthur 
Sidney Bedell Awards, for service to 
Member the KFedera- 
tion, were confirmed by the Board as 
follows: C. L. Gray (Alabama); Art 
F. Vondrick (Arizona) ; Sydney Preen 
(California); Antoine V. Delaporte 
(Canada); Robert W. Frazier (Cen- 
tral States); N. J. Tatman ( England— 
IPHE); M. E. Dawkins (Florida) ; 
Franz Schmitz-Lenders (Germany) ; 
B. A. Poole (Indiana); James F. 
Aiken, Jr. (Kansas); Jack E. Cooper 
(Michigan); J. E. Johnston 
sippi); Jack K. Smith (Missouri) ; 
Earl R. Howard (New England) ; 
Andrew Palmer (New Jersey); C. E. 
Irving (New York); E. F. Wittmer 


Beak, 


Associations of 


( Missis- 


(Ohio) ; Harry W. McElhaney (Penn- 
sylvania); André Kropf (Switzer- 
land) ; and Lynn M. Thateher (Utah). 


Nominations for the 1960 William 
D. Hatfield Awards, for outstanding 
treatment works operation, were con- 
firmed by the 
L. Slovensky 


soard as follows: James 
(Alabama); E. O’Neil 


Dye (Arizona); William R. Teague 
(California); William Hardy (Can- 
ada); D. <A. Whitlock | (Central 


States); George T. Lohmeyer (Flor- 


Mathews (Indiana) ; 


ida); W. W. 


PHILADELPHIA REPORT 


1345 


V. W. Pickering (Kansas); Lloyd B. 
Tompkins (Michigan); Sidney ©, 
Smith (Missouri); Steven A. Stankey 
(New England); Edward KF. Lawler 
(New Jersey); F. J. Cramer (New 
York); T. C. Schaetzle (Ohio); Paul 
Cygan (Pennsylvania); and Emil 
Meyer (Utah). 


Membership 


The Seeretary reported that the com- 
bined Honorary, Active, and Corporate 
Membership of the Associations consti- 
tuting the Federation was 8,376 on 
Sept. 30, 1960, just slightly under last 
year’s all-time record of 8,559. 
Eighteen associations showed gains; 
24 showed losses; and 2 showed no 
change. 

The number of Associate Members 
on September 30 was 85; a year ago 
it was 76. 

The Indiana Association won the 
membership prize for the largest nu- 
merical increase by gaining 50 new 
members. The winner for the greatest 
percentage increase was the New. 
Zealand Association, registering a 21- 
per cent 
South 


val 
gain. 


Close behind was 
with a 16-per cent 


increase. 
Carolina 


During the year, separate Associa- 
tions for the Dakotas were established. 
Formerly, these two groups had been 
one. 


Atlantic City in 1965 


The Meeting Place Committee ree- 
ommended, and the Board approved, 
Atlantie City, N. J., as the 1965 meet- 
ing place. The convention will be held 
Oct. 10-14, 1965, using the facilities 
of Convention Hall and the Traymore 
Hotel. Previously approved and an- 
nounced dates and locations are: 


1961, Milwaukee, Wis., 
Hotel, Oct. 9-12. 

1962, Toronto, Canada, Royal York 
Hotel, Oct. 8-11. 

1963, Seattle, Wash., Olympic Hotel, 
Oct. 6-10. 


Schroeder 
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1964, Bal Harbour, Fla., Americana 
Hotel, Sept. 27-Oct. 2 


In accordance with the Board’s in 


structions, the Committee coneerned 
itself with the following invitations in 
determining the 1965 
(Atlanta), Kentucky-Tennes- 
see (Memphis), Missouri (St. Louis or 
Kansas City ) (Atlantic 
City), New York (New York), Penn- 
sylvania (Pittsburgh), Rocky Moun- 
tain (Denver 


seleetion : 
Georgia 


New Jersey 


Bedell and Hatfield Award 
Nominations 


The accompanying schedule of Bedell 
and Hatfield Award nominations was 
approved by the Federation Board of 


Control on Oct. 2, 1960. The award 
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the current 
Member As 


included for 
Those 


schedule IS 
three-year period. 


sociations with changes in membership 


which place them in a different cate- 
vory for award eligibility are included 
in the future schedule. 


Directors-at-Large 


The new director-at-large is Andrew 
J. Wahl, Director of Publie Works, 
Soise, Idaho. The new Federation di- 
rectors elected by the Board of Gov- 
ernors of the Water and Sewage Works 
Manufacturers 
ett M. Jones, 
President, 


are Ever- 
the Viee- 
Manufacturing 
and Alan F. 
Mattison Co., 


Association 
Assistant to 
Rockwell 
Co., Pittsburgh, Pa., 
Nagle, Keasbey and 
Ambier, Pa. 
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Bedell and Hatfield Award Schedule 7 


(Date of Award is year submitted to Board of Control) 


Members Future Schedule* 
Nominations 
Per 3 Years 
9-30-59 9-30-60 1962 


Member Association 


Alabama 46 
Alaska 

Arizona 

Arkansas 

California 


| 


Canada 


Central States 
Federal 
Florida 
Georgia 
Germany 


Indiana 

Iowa 

IPHE {England) 
ISP (England) 


Israel 

Kansas 
Kentucky-Tennessee 
Louisiana 
Maryland-Delaware 


Michigan 
Mississippi 
Missouri 
Montana 
Nebraska 


New England 
New Jersey 
New York 
New Zealand 
North Carolina 


North Dakota 
Ohio 

Oklahoma 

Pacific Northwest 
Pennsylvania 


Puerto Rico 
Rocky Mountain 
South Carolina 
South Dakota 
Sweden 


Switzerland 
Texas 

Utah 

Virginia 

West Virginia 


Totals 20 


* Schedules for 1962 and 1963 based on membership as of Sept. 30, 1960. 
tT Year eligible te petition for nominations. 
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This year’s paramount accomplish- 
ment the ‘*policy statement’’ 
printed in the November Journal. 
Long hours of thoughtful deliberation 
went into this document, both by the 
drafting committee and the full Board. 
That many 
could be obtained in such a relatively 
short time bespeaks the dedication to 
duty which characterizes your Board 
of Control 


was 


agreement on so points 


The emergence of the Federation as 
a respected spokesman on matters of 
water pollution with it 
responsibilities as evidenced by 


carries new 
re- 
quests from other interested organiza- 
And in 


passing, it would be fair to say that the 


tions for Federation opinion. 


tenor of the Board meetings was one 
of articulating the national importance 
of water pollution control. 

Guidance, recommenda- 
tions, and authorizations on many other 


committee 


topies, of course, occupied much of the 
Board’s time during its Sunday and 
Thursday Sessions. 

Alaska, the 49th state, now is the 
area served by the 45th Member As- 
This new organization, the 
Alaska Water Management Association 
with 15 members already in the fold, 
was enthusiastically received into the 
Federation. 

The Nuclear Wastes Committee, un- 
der the chairmanship of Dr. James M. 
Smith, Jr., that his group 
would welcome the opportunity to be 
of direct Member 
participation in 


sociation. 


reported 
service TO Assoeia- 


tions through their 
meeting programs. 

A report from Dr. Gail P. Edwards. 
the Standard Methods 
Committee, announced the availability 
of the 11th Edition of Standard Veth- 


ods for the Exramination of Water and 


chairman of 


Wastewater. 
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Chairman W. A. Hasfurther pre- 
sented the complete and detailed report 
of the Advancement 
mittee which will appear in an early 
the Journal. Three 
mendations by the Committee were ap- 
proved by the Board: 


Personnel Com- 


issue of recom- 


1. A model plan for voluntary cer- 
tification was approved and its use in 
the promotion of uniformity in certifi- 
cation was authorized. 

2. Mandatory certification was en- 
dorsed as an ultimate goal. 

3. Staff assistance was authorized to 
help the Committee in furtherance of 
efforts in the areas of certification and 
training. 

Favorable discussion in support of 
a Federation safety award resulted in 
referral of the the 
Committee. 

Admitted 
Quarter Century Operators Club were: 
Louis J. Fontenelli, Garwood, N. J.; 
©. Austin Habermehl, Farmington, 
Mich.; William R. Lafferty, Lakeland, 
N. J.; Gordon J. Weist, Collegeville, 
Pa.; Williard P. Pfeifer, Aurora, D1. ; 
Samuel Cenicola, South Hackensack, 
N. J.; W. W. Watmough, Hamilton, 
Ont.; and T. R. Komline, Peapack, 
N. J. 

Beyond considering the immediate 
task of handling the Alaska petition, 
the 
mended that: (a 


idea to Executive 


into membership of the 


Organization Committee reeom- 
an Association with 
fewer than 15 members be admitted to 
the 


representation on the Board of 


membership in Federation, with 


Con- 
trol and participation in the member- 
Mederation awards 


ship contest and 


activities delaved until membership 


and 
be permitted to affiliate with the Fed- 


reaches 15; b) that foreign groups 
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eration after their organization passes 
a resolution expressing this intent, with 
members paying Federation dues re- 
ceiving Federation membership privi- 
leges. Both recommendations were ap- 
proved. 

Finance Committee Chairman Wil- 
liam J. Orchard presented the Commit- 
tee’s proposed 1961 budget which to- 
taled $182,550, with $5,000 earmarked 
for transfer to surplus and $13,755 for 
public relations and operator advance- 
ment. The unaudited net worth of the 
Federation as of Sept. 30, 1960 was 
$87,086. 


Based on 


this year’s sueecess, the 
Industrial Wastes Committee endorsed 
the idea of having the industrial wastes 
committees of other organizations eo- 
sponsor the Industry Day program. 
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This year the Water Pollution Abate- 
ment Committee of the Manufacturing 
Chemists’ Association was a co-sponsor. 

The possibility of developing per- 
sonal insignia for the Federation was 
referred to the Public Relations Com- 
mittee for study. 

The Board authorized printing of a 
slightly revised edition of the now-out- 
of-print Uniform System of Accounts 
for Sewer Utilities. 

Resolutions commending the Penn- 
sylvania Water Pollution Control As- 
sociation and the city of Philadelphia 
for their extra-ordinary efforts in mak- 
ing the 1960 convention the Federa- 
tion’s greatest were among the many 
items of business acted upon by the 
Board. 
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Many Federation members and 
others have evidenced a desire to know 
how papers are selected for the annual 
meeting. This is an explanation of 
how the Publications and Program 
Committee operates to fulfill its re- 
sponsibilities for selection and schedul- 
ing of the annual Federation meeting 
program. Details of publication are 
also included. 


Committee Makeup 


The committee consists of a echair- 
man, whose term of office is constitu- 
tionally limited to five years, at least 
four other members insluding the Ex- 
ecutive Secretary of the Federation, 
plus the Federation President and 
Vice-President as ex-officio members. 
During the past five years, the growth 
of the Federation and the program has 
necessitated an increase in committee 
members to 19. 

The makeup of the committee is not 
static, although the vice-chairman and 
several other members usually serve 
as long as the chairman does. Geo- 
graphic distribution of committee mem- 
bers is maintained Other members 
are changed each year. In this latter 
group are persons who have assigned 
to them the responsibilities for cer 
tain recurring sessions, lor example, 
each year a different man is appointed 
to handle these sessions: Operators 
Korum, Research Symposium, Mainte- 
nance Panels, and Laboratory Seien- 
tists Breakfast Another committee 
handles the inspection trip). Also 
each vear, one man is appointed from 
the area of the annual meetine three 
vears hence. Three years later that 


man handles liaison with the loeal ar 


Prepared by George E, Symons, Chair 


man of the Publications Program Com 


mittee, 
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rangements committee for ‘‘his’’ area’s 
meeting. In addition to these ‘‘rotat- 
ing’’ memberships there are three or 
four members of the Industrial Wastes 
Committee or members suggested by 
that committee or its chairman, and 
usually at least one of these men is 
changed every year. 


Advance Planning 


At the annual meeting of the Fed- 
eration, the full committee meets for 
an advance planning session. The 
work of the committee session follows 


these steps 


1. tentative time schedule is 
blocked out for the next year’s meet- 
ing, and the number of sessions de- 
termined. 

2. The theme of each session is then 
set and entered on a diagram. 

3. Individual members of the com- 
mittee are then assigned responsibility 
for obtaining the necessary papers to 
fill particular sessions. These assign- 
ments are appropriately selected, Le. 
Industrial Wastes Committee members 
are assigned the industrial wastes, ses- 
sions. 

4. Ideas as to speakers or topics for 
different sessions are suggested by all 
committee members to the individuals 
responsible for each particular session. 

5. A final date for closing the pro- 
eram selections is set. This date is 
generally May 1 of the following year 
and is selected in order to meet the 
production requirements of the ‘‘ad- 
vance flyer’? which is mailed out in 


July. 


Committee Work 


About November 1 or earlier) the 
individual committee members begin 
their work of searching for papers to 
fit 


the theme of the session for which 
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they are responsible. By letters, calls, 
and personal contact they seek to learn 
from Federation members (and from 
other committee members) where ap- 
propriate papers might be obtained. 

In late January of the next year the 
Publications and Program Committee 
holds another meeting. At that time 
the individual committee members re- 
port on the status of their efforts, and 
the program schedule chart is filled in 
as of that date. By that time, about 
one-half of the papers have been se- 
lected or are under consideration. 

By March 15, about three-fourths of 
the papers will have been selected. 
Competition for papers for the Re- 
search Symposium is open until April 
1. Researchers who wish to appear on 
the program should submit a_ brief 
abstract of the paper before that date. 
Between April 1 and April 15, final 
selection of the research papers is made. 

By May 1, all of the selected papers 
(titles and authors) are in the chair- 
man’s hands for transmission to the 
Executive Secretary, and the selected 
program participants are notified. 

In early June, each programmer re- 
ceives a letter from the chairman re- 
questing information for the directory 
and a list of projection equipment re- 
quired, 

In August, each programmer re- 
ceives another letter from the chair- 


man, setting forth rules for presenta- 
tion, style to follow, other mechanical 
requirements, and a request that copies 
of the manuscript be sent to the Fed- 
eration office. 
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In September, the committee for the 
next year is recommended to the in- 
coming President and plans are made 
for the October committee meeting. 


How to Get on the Program 


During the period after the October 
meeting of one year and until about 
April 1 of the next year, individual 
members of the Federation should 
make suggestions for the coming an- 
nual program. These suggestions may 
include the offer of a paper of their 
own or the names of other possible 
authors. 

These suggestions should be made in 
letters addressed to the Chairman of 
the Publications and Program Commit- 
tee or to the Executive Secretary of the 
Federation. All such letters will be 
routed to the proper committee mem- 
ber for his consideration and reply. 

The committee, invites your sugges- 
tions and offers of papers. 


Publication of Papers 

All papers given at the Federation 
meeting become the publication prop- 
erty of the Journal of the Water Pol- 
lution Control Federation. The Jour- 
nal depends heavily on these papers 
throughout the year for much of its 
outstanding material. Not all meeting 
papers are published in the Journal, 
however. These papers offer the ma- 
terial from which to choose for publica- 
tion but final selection of papers to be 
published is determined by the editor. 
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The news of the death of W. T. Lockett 
last February, long the Chief Chemist of 
the Mogden Purification Works in Middle- 
sex, England, was only recently received. 
He was made an Honorary Member of the 
Federation in 1954. 

Bernal H. Swab has joined Camp, 
Dresser & McKee of Boston. He was 
Chairman of the committee responsible for 
the recently published joint Federation and 
ASCE Manual, “Design and Construction 
of Sanitary and Storm Sewers.” 

Fred G. Nelson has recently joined 
Koebig and Koebig, Los Angeles, as As- 
sistant to the President. He retired from 
Dorr-Oliver Inc. in July after 32 years 
of service. 

H. S. Smith has withdrawn as a partner 
in Stanley Engineering Company, Musca 
tine, Towa, and Chicago, to do graduate 
work and research at the State University 
of Towa. He represents the lowa Water 
Pollution Control Association on the Fed- 
eration Board of Directors. 

Franklin V. Long, President of Vapor 
Recovery Systems Company, (Compton, 
California, died recently. 

Among the Top Ten Public Works Men- 
of-the-Year selected by the American Pub- 
lie Works Association and announced by 
President Frederick W. Crane are Samuel 
S. Baxter, Commissioner and Chief Engi- 
neer of the Philadelphia Water Depart- 
ment; David L. Erickson, Director of the 
Department of Publie Works and Utilities, 
Lincoln, Nebraska; and Lloyd D. Knapp, 
Commissioner, Department — of Publie 
Works, Milwaukee, Wisconsin. 

Harold B. Gotaas, Dean of Northwest- 
ern University’s Technological Institute, 
has been named to the Engineering Sei- 


ences Committee of the National Seience 
Foundation. 

David I. Jenkins is now employed at the 
Richmond Field Station 6f the University 
of California. 


News and Notes 
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Edmund B. Besselievre has resigned 
from Kaighin & Hughes, Inc., Toledo, 
Ohio, and has moved to Dallas, Texas, 
where he will be in consulting practice for 
industry. 

Henry W. Buck, of Hartford, Conn., 
was recently elected to the post of Director 
for ASCE, representing part of New Eng- 
land and some sections of Canada. 

John R. Snell, President, has announced 
that the firm name of Michigan Associates 
has been changed to John R. Snell Engi- 
neers Ine. William G. Turney and Wil- 
liam P. Richards are members of the firm. 

H. D. Allan has been appointed Vice- 
President and General Manager of Worth- 
ington (Canada) Ltd. of Brantford, On- 
tario. 

William H. Larkin recently retired as 
Assistant Executive Secretary of the New 
York State Water Pollution Control Board 
after 31 years of service. He has accepted 
a two-year assignment with ICA in Iran. 

Edward H. Bryan has joined the faculty 
of Duke University as Associate Professor 
of Civil Engineering. 

The Public Health Serviee has started a 
six-year anti-pollution study of the Great 
Lakes Basin-Illinois waterway. William 
Q. Kehr is the project director. 

Ripple and Howe, Inc. have moved to 
2747 Zuni Street, Denver 11, Colorado. 

Smith & Loveless, Lenexa, Kansas, has 
begun manufacturing operations in Canada 
with the acquisition of a plant at Oakville, 
Ontario. 

Morrison B. Cunningham, Director of 
Publie Works at Oklahoma City, Oklahoma, 
was awarded a citation of appreciation by 
the city managers on the 40th anniversary 
of his employment with the eity. 

James B. Coulter is now Chief, Wa 
ter Projects Seetion, Technical Services 
Branch, Division of Water Supply and 
Pollution Control, with the Publie Health 
Service in Washington, D. C. 
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POSITIVE IGNITION © 


Varec eliminates ignition problems with its new, flare type 
Fig. No. 239 Waste Gas Burner. The burner’s unique “cur- 
tain of flame” provides dependable ignition no matter how 
variable the flow of gas through the burner. There is no 
loss of pilot flame due to down draft. 


Other outstanding features of the new unit include its high 
burning capacity...an adjustable shutter on the air mix 
chamber that regulates draft...a high pedestal, packed with 
insulation to prevent freezing...and rugged construction, 
with all parts made of steel, stainless steel or heat-resistant 
cast iron. For critical service, sensing and ignition elec- 
trodes are available for remote or automatic pilot control. 


For full information on the Varec Waste Gas Burner—or 
Varec’s complete line of advanced design gas control equip- 
ment, write for Catalog $-4, Dept. JWP-1222-3. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street « Compton, California 


Branches and Representatives in Principal Cities 
TRADE MARK 


2 OF WASTE : 
that all waste gas must pass 
{ 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


¢ TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 


latest information for those 
interested in plant design. 


(WPCF MOP 8). 


¢ SEWER DESIGN AND 
CONSTRUCTION 


“Design and Construction of 
Sanitary and Storm Sewers,” the 


widely used sewer manual con- 


COMPANION VOLUMES 


taining 283 pages of comprehensive 


IN THE 


information, including more than 100 


FEDERATION 
illustrations. (WPCF MOP 9). 


MANUAL 
Each manual is offered to members at 


$3.50, and to others at $7.00. 


SERIES 


(Produced Jointly 
with ASCE) 


Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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OHIO SEWAGE AND 
INDUSTRIAL WASTES 
TREATMENT CONFERENCE 


The 34th Annual Meetine of the 
Ohio Sewage and Industrial Wastes 
Treatment Conference was held at the 
Neil House, Columbus, Ohio, June 15— 
17, 1960. 

Registered attendance was 268, with 
an additional 63 ladies registered. 
Chairman William Petrich presided at 
the conference, assisted at the various 
sessions by Bruce MeDill, A. D. Caster, 
Walter Carroll, and R. N. Simonsen. 

The Manufacturers’ Forum on Wed- 
nesday morning featured papers on 
incineration of wastewater sludges. 
The general afternoon session was 
opened by a paper on the ‘‘Review of 
Columbus Sewerage Progress’’ by Earl 
Schoene, city of Columbus. The ‘‘ His- 


the INCREDIBLE Torque-Fiow pump 


PED! 


® a division of 
Western Machinery Company 
650 Fifth St., San Francisco, Catit. 


tory of Pollution Abatement in Ohio”’ 
was presented by F. Il. Waring, Chief 
Sanitary Engineer, Ohio Department 
of Health. Mark Hollis, President, 
Water Pollution Control Federation, 
conveyed the Federation greetings to 
the Conference. At the business ses- 
sion a proposed amendment to the con- 
stitution was approved which officially 
changes the name of the Ohio Confer- 
ence to ‘Ohio Water Pollution Control 
Conference.,’’ 

The Thursday morning program was 
divided into concurrent sessions. The 
sewage session featured a panel discus- 
sion on publie relations and papers on 
“Two-Stage Trickling Filter Opera- 
tion on the Ohio Turnpike,’’ ‘‘Train- 
ing Procedures for Plant Operators,” 
‘*Electronic Measuring Devices,’’ and 


(Continued on page 653a) 


Could your present pumps pass this abrasive slate plus a 
nine-inch piece of Ya" steel? The Torque-Flow pump did— 
with ease! Think what this means for your toughest of pumping 
problems! Its solution is as near as your nearest 

Wemco representative. 
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KEY 
to 
37,000 JOURNAL Pages 
in 
Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 
important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject, and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 
48435 Wisconsin Avenue Washington 16, D.C. 
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CORPORATION 


duce 
We Help INDUSTRY pro 
PURER PROCESS WATER 


We know we can help you with Coagu 
lation, Softening, lron and Manganese removal, 
Corrosive Water and Filtration. We have years of 
experience in this field, and our FERRI-FLOC 

r fate) does an outstanding job in 
producing purer process water. And, of course 
we offer reliabie technical assistance —Let us 
tell you about it 


For complete list of our products see our inserts in 
Chemical Week Buyers’ Guide, Pages 173-176 or 
Chemical Materials Catalog, Pages 551-554 


For Further information, Write, Phone or Wire us. 


‘*Aerobic Digestion Plants in Ohio, 
1950-1960.’’ The industrial wastes ses- 
sion heard papers on ‘‘The Recireula- 
tion of Industrial Water,’’ ‘‘ Industrial 
Waste Treatment—Steel Plants,’’ and 
‘*Meeting the Varied Requirement of 
Industrial Waste Treatment.”’ 

The afternoon session included in- 
spection trips to the Columbus sewage 
treatment plant, Ternstedt Division of 
General Motors Corporation waste 
treatment plant, and Western Electric 
Company waste treatment plant. 

The Conference was concluded with a 
combined session on Friday morning. 
Papers heard were on ‘‘Problems Re- 
lating to Fish Kills,’’ ‘‘ Traditional Fal- 
lacies in Sewer Ordinances,’’ ‘‘ Treat- 
ment of Industrial Wastes in Muniei- 
pal Sewage Treatment Plants,’’ and 
‘*Waste Heat Loadings in Streams.’’ 

Following the banquet, the Dean 
Stewart Award was presented to Wil- 
liam Hill, Superintendent, Wadsworth. 
The F. H. Waring Award went to H. 


JOURNAL 


WPCF 


S. Kline, Frigidaire Division, Dayton. 
The Bedell Award for extraordinary 
service to the Association was presented 
to W. D. Sheets, Ohio State University, 
Columbus, and the Hatfield Award for 
outstanding plant operation went to 
James H. Blodgett, Superintendent, 
Columbus. 

Officers elected for 1960-1961 were: 


Chairman; A. D. Caster, Cincinnati. 

Ist Vice-Chairman: R. N. Simonsen, 
Cleveland. 

2nd Vice-Chairman: Max Phillips, 
Bryan. 

Secretary-Treasurer: KE. B. Ransom, 
Columbus. 

E. B. Ransom 
Secretary-Treasurer 


CENTRAL STATES SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


The 33rd Annual Meeting of the 


(Continued on page 655a) 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


This list of products 
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Advert 


isers 


Aerators (also see Diffusers, Air) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Cx 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co. 

Infilco Inc 

Link-Belt Co 

Pacific Flush Tank Co 

Penberthy Mig. Co., Div 
Eclipse Corp 

Permutit Co., 
mutit Inc 

Smith & Lovele 

Veaiker Process 

Wemco Div 

Yeomans Brother 

Zimmer & Francesc 

Agitators 

Link-Belt 

Air Cleaning Equipment 

Westinghouse Electric rp 


of Buffalo- 


of Pfaudier Per 


ment Inc 
Ma achinery Co 


n 


Air Compressors (als 
ers, Con ‘ ar 

Chic aR’ Pu p 

Fairbank M rse 

Komline-Sander 

Worthington Corp 

Yeomans Brothers ( 


Air Diffusers 


Asbestos Cement 


re 


Diff Air) 


Products 


er 


Pipe 
Cor 


tr ation 
rial Ma 
J Manville 
Keasbey & Matt 
Ash Equipment 
Link-Belt Ce 


Automobiles and Trucks 
Vulcan Materials 
Bearings 

Link-Belt 

Bins, 


Biologists (5 
neers) 


Storage 


Blowers 


a 
Sut rbilt Corp 
Yeomans Brother 
Zimmer & Frances 
Boilers 
Combustion Engineering, Inc 
Building Maintenance 


ment and Supplies 
Homestead Valve Mig 


Equip- 


Cast Iron Pipe Products 
American Cast Iron Pipe ¢ 
Cast Iron Pipe Research Assn 


1 Materials Co 
Foundry Co 


Cement (see Concrete) 


Centrifuging Equipment 
Bird Machine Co 


Chains 


Inc 


( hemical Feed Equipment 
Bui -F 


*rovidence Div., In- 


her & Porter Co 


Graver Water Conditioning Co 
Infil lr 


dustrie 
Pfaudler 


, B-I-F Ir 
Div. of Per- 

B-1-F 

Inc. 


Div Industries 


e& in 
Che Pmicals 
Dow Che cal Ce 
Fisher Scier ntific Co 

il ¢ he mical Div., Allied Chem- 
( oad il Co 


ee Corp 
Materials Co 


Chemists (see Directory of Engi- 


neer 


Chlorination Equipment 


-Providence Div., B-I-F In- 


suilder 


“onditioning Co 
rnan Inc 
rances¢ 


Clarifier (also see 
Sed ntati 


E qui pment) 


Conditioning Co 


t 


Corp 
rp 


Engr 
gineering ( 


faudler 


Inc 


Per- 


Ye 
Zim 


Clay 


mans Brothers Co 
mer & Francescon 


Products 

Indu Materials 

National Clay Pipe Mfrs 
Pipe I 


National Sewer 


Pipe 

trial 

, Inc 
(Canada) 
Cc! 


Robins 
Wedge-Lock Mfrs., Inc. 


Coatings and Linings (Pipe and 


Tank) 
Amer 


) Cleaning Co 


Cr 


Shredders 


uso see 


(Switzerland) 
Well Wor 


mp 


engr. C 
Blower, 


orp 


Div. of 


Computers 

Minneapolis-Honeywell Regulator Co., 
Brown truments Div 

Concentrators (see Sludge Concen- 
trators) 

Concrete 

Portland Cement As 

Vul Materials Ci 


sn 


Pipe Products 
ncrete Pressure 


Concrete 


American Pipe 


‘ Inc 


(Canada) 


Construction Equipment 
Belt Co 

Corp 

rthington Corp 


46 
U.S. Pig 
< R. D. W 
% — 
| Link-Belt Co 
Ce e Corp 
| Inert 1 Co.. Inc 
| | National Water Main 
| Perry-Austen Mig. Co 
Stebbins Engr, & Mig. : 
| Je { g. ( ulcan aterials 
— derson Engr. Corp Comminutors 4 
ee Blow- | Americar 
Fans | Chicago Pum 
Dorr-Oliver Inc 
Gruendler Crusher & Pulverizer Co. 
Corp Infilco In 
7 Jeffrey Mig. C 
: Smith & Loveless i 
Walker Process Equipment Inc. 
Worthington Cory 
Compressors 
Ts, Hact Chicago Pump Co 
Komline-Sanderson l= ‘ 
ain Dresser Industries Inc 
| Worthington Corp 
| Yeomans Brothers C 
dustrie 
Everson Mfg. (¢ 
Fischer & Porter ( 
Graver Wate 
) Wallace & T 
4 Compressors, and Fans) Ltd 
Chicago Pump American Well Works = 
Ct Belt ¢ \ 
Ct Pump Co American-Marietta Ce 
D Oliver Inc | Gray Concrete Pipe Co... 
Corp Industrial Materials Co 
Graver Water | Lock Joint Pipe ¢ 
Hardinge Co., | National Sewer Pipe Ltd 
4 | Inf Inc | Portland Cement Assn , 
| Jeffrey Mfg. C | Price Bros. C 
Per tit Co., Div. of | 
tit ¢ 
Walker Process Equipment Hk 4 
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Lower purchase and maintenance cost. 
Maintenance ease. 
Most accessible impeller on the market. 


Exclusive Davco non-clog self priming 
sewage pump. 


Above ground pumping station 
package shown is designed to 
replace wet-pit pumps and 
pneumatic ejector installations 
with no structural modifica- 
tions. 


DAVCO CORPORATION 


1828 METCALF AVE. P, 0. BOX 270 THOMASVILLE, GEORGIA. TELEPHONE CAN 


Central States Sewage and Industrial 
Wastes Association was held in con- 
junction with the Conference of Wis- 
consin Sewage Works Operators at the 
Hotel Loraine, Madison, Wis., June 15— 
17, 1960. Registration totaled about 
190, ineluding 45 ladies. 

The broad-based technical program 
was well received and included these 
presentations : 


‘*Review of Advancements in Sew- 
age Treatment,’’ by Richard S. Nelle, 
Principal Sanitary Engineer, Illinois 
Department of Public Health, Spring- 
field, Il. 

‘*Determining Rates of Flow in 
Sewers Using the Caleoz Red BX 
Dye Method,’ by James J. Anderson, 
Sanitary Engineer, King, Duvall, An- 
derson & Associates, St. Paul, Minn. 

“Effect of Organie Solvents from 
Pharmaceutical Industry on Biologi- 
cal Filters,’? by Alfred T. Wallace and 
Gerald W. Lawton, University of Wis- 
consin, Madison, Wis. 


‘*TIndustrial Wastes Control in Mil- 
waukee Metropolitan Sewerage  Dis- 
trict,’ by Lawrence A. Ernest, Engi- 
neer, Milwaukee Sewerage Commission, 
Milwaukee, Wis. 

‘*Behavior of Activated Sludge,’’ by 
John P. Lawler, Research Assistant, 
and Gerard A. Rohlich, Professor of 
Sanitary Engineering, University of 
Wisconsin, Madison, Wis. 

“What is Good Plant Operation?’’ 
by A. Paul Troemper, District En- 
gineer, Springfield Sanitary District, 
Springfield, Il. 

“Small Plant Operation and Prob- 
lems,’” by Philip S. Davy, Consulting 
Engineer, La Crosse, Wis. 

‘Aerobic Digestion of Solids,’’ by 
Douglas E. Dreier, Chief Engineer, 
Walker Process, Ine., Aurora, TIL; 
Gerald Lawton and Gerard A. Roblich, 
University of Wisconsin, Madison, Wis. 


Federation affairs were discussed by 
Past-President William D. Iatfield. 


(Continued on page 657a) 
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Controls (also see In 
cording and Control) 


Builders-Providence Div., B-I-F In- 


dustries 

Burgess-Manning Co., Penn Instru 
ments Div 

Chicago Pump Co 

Fischer & Porter Co 

Foxboro Co 

General Electric Cc 

Homestead Valve & Meter Ce 

Infilco Inc 

Minneapolis-Honeywell Regulator Co 
Brown Instruments Div 

Ohmart Corp 


Permutit Co., Div. of Pfaudler Per- 


mutit Co. Inc 
Rockwell Mfg. ¢ 
Wallace & Tiernan Inc 
Westinghouse Electric Corp. 
Worthington Corp 


Conveyors 
American Well Works 
Chain Belt ¢ 

Chicago Pump C 
Jeffrey Mig. Co 
Link-Belt Co 

Stuart Corp 

Webster Mig., Inc 


Corrosion Protection 
Amercoat Corp 

Corrosion Control Co., Inc 
Inertol Cc n¢ 

Johns-Mar aville Sales Corp 
Koppers Co., Inc 
Perry-Austen Mig. Co 

A. O. Smith Cory 

Stebbins Engr. & Mfg. Co. 
Wallace & Tiernan Inc 


Couplings 
Link-Belt Co 


Diffusers, Air (also see Aerators) 
Alpha Ltd. (Switzerland) 
American Well Works 
Carborundum Co 

Chicago Pump Co 
Dorr-Oliver Inc 

Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp 
Link-Belt 

Pacific Flush Tank 


Penberthy Mig. ¢ Div. of Buffalo- 


Eclipse 
Walker Proces 
Wemco Div., “rr 
Zimmer & Frances 


Diffusers, Gas (also see Aerators) 
American Well Works 

Carborundum ( 
Chicago Pump ¢ 
Eimco Corp 

Infilco In 

Walker Process Equi 
Yeomans Brothers (¢ 


ent Inc 
"Machi nery Ce 


Inc 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co 

Chicago Pump ¢ 

Dorr-Oliver 


Eimco 
Gormar ipp Ce 
Hardinge C: Inc 
Infilco Inc 


Jeffrey Mig. C 
Lakeside Engineering Corp 
Link-Belt ¢ 

Pacific Flush Tank Ci 
4. O. Smith Cory 
Smith & Loveless 
Vapor Re y System 
Walker Pri ce Equipn 
Yeomans Broth { 
Zimmer & Frar 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 


struments, Re- 
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Ralph B. Carter Co 
Dorr-Oliver Inc 


Eimco Corp 

Infil 

Lakeside E ngineering Corp. 
ink-Belt 


Pacific Flus h Tank Co 

Smith & Loveless 

Walker Process Equipment Inc. 
Yeomans Brothers Co 

Zimmer & Francescon 


Dryers 

Alpha Ltd (Switzerland) 

Combustion Engineering, Inc 

Eimco Corp 

Hard ‘inge Co., Inc 
mline-Sanderson Engr. Corp 

Link-Belt Co 

Nichols Engr. & Research Corp 

Stuart Corp. 


Komline-Sanderson Engr. Corp 
Sr ith & Loveless 

Tex-Vit Supply Co 

Yeomans Brothers Co. 


Engineers (see Directory of Engi- 
neers) 


Engines (Sludge Gas and Pe- 
troleum Fuels) 

Climax Engine Mfg. Co 

Fairbanks, Movse & Co 

Waukesha Motor Co 

Worthington Corp 


Compressors, 


Fans (also see 
B and Compressors) 


lowers 


Chicago Pump Ce 
Lakeside Engineering Corp 
Westinghouse Electric Corp 


Filter Equipment, Trickling 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co 
Dorr-Oliver Inc 
Dow Chemical Co 
Eimco Corp 
Filtration Equipment Corp 
1 Materials Co 


Mattison Co 
mline-Sanderson Engr. Corp 
ikeside Engineering Corp 
hols Engr. & Research Corp 
’acifi Flush Fank C 


Tri kl ing Filter Floor Inst 
ilker Process Equipment Inc. 

jrothers Co 

Zimmer & Francescon 


ilter Materials 

borundum Co 
Fi ratior Equipment Corp 
Glenn Chemical Co 
Graver Water Conditioning Co. 
Industrial Materials Co 
Johns-Manville Sales Corp 
Vulcan Materials Co 


Filters, Diatomaceous Earth 
Graver Water Conditioning Co 
eomans Brothers Co 


Filters, Vacuum (also see Vacuum 
Filters) 

Bird Machine Co 

Dorr-Oliver Inc 

Ei Corp 

Proportioneers Div 


B-I-F Industries 


Flocculating Equipment 


Alpha Ltd. (Switzerland) 
Amer Well Works 
Ralph B. Carter Co 
Chain Belt (¢ 


Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co 
Hardinge Co., Inc. 


Infilco Inc. 

Jeffrey Mfg. Co. 

Lakeside Engineering Corp 
Link-Belt Co 

Stuart Corp 

Walker Process Equipment Inc 
Webster Mfg., Inc 

Zimmer & Francescon 


Flotation Equipment 

Chain Belt Co 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co. 
Komline-Sanderson Engr. Corp 
Yeomans Brothers Co 


Flow Measurement 

Burgess-Manning Co., 
ments Div 

Filtration Equipment Corp. 


Penn Instru 


Gas Control Equipment 
Alpha Ltd. (Switzerland) 
Burgess-Manning Co., Penn Instru- 
ments Div 
Ralph B. Carter Co. 
Chicago Pump Co. 
Dorr-Oliver Inc 
Eimco Corp 
Foxbo ro Co 
Homestead Valve +c Co. 
Pacific Flush Tank Ce 
Rockwell Mfg. Co 
I very System Co 
W alker Process Equipment Inc. 
Zimmer & Frances 


Gas Diffusers (see Diffusers, Gas) 


Gas Holders, Boilers, and Ap- 


purtenances 
— ph B. Carter Co 
Chicago Pump Co 
Dorr-Oliver Inc 
Eimco Corp 


Johns-Manville Sales Corp. 
Pittsburgh-Des Moines Steel Co. 
Walker Process Equipment inc. 


Gaskets 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co 


Gates 
Armco Drainage & Metal Products, 
Ir 


Filtration Equipment Corp. 
Industrial Materials Co 
Snow Gates & Valves, Inc. 
Webster Mfg., Inc 


Generators 


General Electric Co 
Westinghouse Electric Corp. 
Worthington Corp 


Grinders (also see Shredders and 
Grinders 

Alpha Ltd. (Switzerland) 

American Well Works 

ain Belt ¢ 

r-Oliver Inc 

endler Crusher & Pulverizer Co 
Mig. ¢ 

ans Brothers Co 


Grit Collection and Condition- 
ing Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Chain Belt Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Infilco In 

Jeffrey Mig. Co 

Link-Belt Co 

Stuart Corp 

Walker Process Equipment Inc. 

Webster Mig., Inc 

Zimmer & Francescon 


: 
| | 
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Inquiries should be sent to 
Area C, 


AIR FORCE 


SANITARY ENGINEER 


CAREER OPPORTUNITY 


Position requires extensive experience in operation and main- 
tenance of industrial waste and sanitary sewage facilities. Will 
perform in staff capacity in surveillance of maintenance and 
operation of sanitary facilities at installations located in the 
U.S. and overseas. Requires up to 's to ‘4 of the time in travel 
status, with transportation mostly by air. Positions are located 
at Headquarters, Air Materiel Command, Wright-Patterson AF 
Base (near Dayton), Ohio. Starting salary: $8955.00 per year. 
imployment Office, Building 70, 


WRIGHT- PATTERSON 
BASE, OHIO 


Dr. Hatfield also presented the Hat- 
field Award for outstanding achieve- 
ment in the field of operation to Frank 
I. Vilen, Superintendent, Kenosha, 
Wis., and the Bedell Award for extra- 
ordinary service to the Association to 
Kerwin L. Mick, Chief Engineer and 
Superintendent, Minneapolis-St. Paul 
Sanitary District, St. Paul, Minn. 

At the business session these officers 
were elected for 1960-61: 


President: Walter A. Sperry, Aurora, 
Ill. 

Ist Vice-President: Thomas T. Hay, 
Racine, Wis. 

2nd Vice-President: John C. Sager, 
Minneapolis, Minn. 

Director: Il. G. Rogers, Minneapolis, 
Minn. 

Seeretary-Treasurer: S. Linsley, St. 
Paul, Minn. 


S. E. Linsey 
Secretary-Treasurer 


SEWAGE TREATMENT 
PLANT OPERATOR 


Sewage treatment plant operator 
to be responsible for the operation 
of a small biological or secondary 
type sewage treatment plant with 
trickling filters, primary and see- 
ondary sedimentation and contact 
tanks, heated sludge digesters, 
and sludge drying beds, located 
in central New Jersey. 


Previous experience in this type 
of plant operation required, 
must qualify as Class B operator. 
Salary open—depending on quali- 
fications. 

Send resume containing personal 
history, experience, and eduea- 
tional record to 


Box P, JOURNAL WPCE 
$435 Wisconsin Avenue 
Washington 16, D. C. 


| 
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Grounds Maintenance 
ment and Supplies 
Homestead Valve Mig. Co 


Equip- 


is? Heating Equipment for Diges- 
“4 ters and Buildings 
Alpha Ltd. (Switzerland) 
Ralph B. Carter Co. 
Chicago Pump Co. 
Dorr- Cor Inc 
Eimco Cx 
A General Electric Co. 
Infileo Inc 
Link-Belt Co 
Sag Pacific Flush Tank Co 
See Walker Process Equipment Inc } 


Incinerators 

Combustion Engineering, Inc. 

Morse Boulger, Inc 

Nichols Engr. & Research Corp } 

Pittsburgh- Des 

Walker Proces 

Zimmerman 
Drug Inc 


: Insect Control 
A Glenn Chemical Co. 

Leeco Chemical Co., Div. of Leeco 

Gas & Oil Co 

Inspection, Sewers 
Centriline Corp 
National Water Mair 
Instruments, 


Cleaning ¢ | 


Recording and 
Control (also see Controls and | 
Recorders) 

i Builders-Providence Div., B-I-F In- | 


dustries 


Burgess-Manning Co., Penn Instru- 
ments Div 


Fischer & Porter Co. | 


Fisher Scientific Co 
Foxboro 
General E lectric Co 


Hach Co 
Infileo Inc 
ie Minneapolis-Honeywell Regulator Co., 


Brown Instruments Div 
Ohmart Corp 


Rockwell Mfg. ¢ | 
Wallace & Tiernan In j 
Westinghouse Electri rp | 
Ion-Exchange Equipment 
FPermutit Co., Div. of Pfaudler Per- | 
mutit Ir 


Jointing Materials 


American Concrete Pressure Pipe 

Assn 
Gray Concrete Pipe Co., Inc | 


Keasbey & Mattison ( 
National Clay Pipe 
National Sewer Pit 
Perry-Austen Mi Co 
Robinson Clay Pr duct Co 
Stebbins Engr. & Mfg. ¢ 
Wedge-Lock Clay Pit ipe Mfrs 


Joints, Mec hanic al 
American Cast Ir Pipe ¢ 
Johns Sai Corp 
National Sewer Pipe Ltd 
Robinson Clay Product Co. 
Smith-Blair, Inc 

U. S. Pipe & Foundry 


Lo 
Wedge-Lock Clay Pipe Mfrs 


(Canada) 


(Canada) 


Laboratory 
Supplies 

Filtration Equipment Corp 

Fisher Scientific Co 

General Chemical Div., 
ical Corp 

Hach Co 


Stuart Corp 


Lift Stations 
Daveo Corp | 
Smith & Loveless 

Tex-Vit Supply Co 
Yeomans Brothers Co. 
Lighting Fixtures 
Westinghouse Electric Corp. 


Equipment and 


Allied Chem- | 
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Lubricants 

Homestead Valve Mfg. Co. 
Johns-Manville Sales Corp. 
Lumber 

Vulcan Materials Co. 


Manhole and Inlet Castings 
American-Marietta C 

Vapor Recovery Systems Co. 
Vulcan Materials Co 

Masonry Building Materials 
American-Marietta Co 


Portland Cement Assn. 
Price Bros. Cx 
Vulcan Materials Co. 


Meter Boxes 

Johns-Manville Sales Corp 

Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Builders-Providence Div., B-I-F In- 
austrie 

Burgess-Manning Co., Penn Instru- 
ments Div 

Ralph B. Carter Co 

Filtration Equipment Corp 

Foxboro Co 

Infileo Inc 

Minneapolis-Honeywell Regulator Co., 

Bre Instruments Div 

Mfg 

nnersville 


Blower, Div. of 


nplex \ an and Meter Co 
Worthington Corp 

Mixing Devices 

a Ltd. (Switzerland) 

1 Well Works 

I B. Carter Co. 
Chain Belt Co 
I 

I 


dorr-Oliver Inc 


Infileo Inc 
Jeffrey Mfg. Co 
Walker Process Equipment Inc 


Wemco Div., Western Machinery Co 
Motors 
Chicago Pump Co 


h Corp 
Westinghouse Electric Corp 
Vorthington Corp 


Odor Control Materials 
Airkem Inc 

Florasynth Laboratoriés, Inc 
Tennessee Corp 

Wallace & Tiernan Inc 
Odor Counteractants 
Airkem Inc 


Package Treatment 
Chain Belt Co 


Chicago Pump Co. 
Dorr-Oliver Inc 

Infilco Inc 

Municipal Service Co. 
Smith & Loveless 

Yeomans Brothers Co. 
Packing 

Johns-Manville Sales Corp 


Ke asbey & Mattison Co 
Paints and Protective Coatings 


at Corp 

Inc 

( Inc 

isten Mfg. Co 
Loveless 


Engr. & Mfg. Co 

Asbestos Cement 
istrial Materials Co 

le Sales Corp 

attison Ce 

Pipe, Cast Iron 

American Cast Iron Pipe Co 

Cast Iron Pipe Research Assn. 

Industrial Materials Co 

U. S. Pipe & Foundry Co, 

R. D. Wood Co, 


Pipe, Clay 

Industrial Materials Co. 

National Clay Pipe Mfrs., Inc. 
National Sewer Pipe Ltd. (Canada) 
Robinson Clay Product Co 
Wedge-Lock Clay Pipe Mfrs. 


Cleaning 

entriline Corp 
le Inc 
Homestead Valve Mfg. Co. 
National Water Main Cleaning Co. 
W. H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Corp 
American Pipe & C 
Centriline Corp 


nstruction Co 


»., Inc 
National Water Main Cleaning Co 
Perry-Austen Mfg. Co 
Stebbins Engr. & Mfg. Co 
Vulcan Materials Co 
Pipe, Concrete 


American Concrete Pressure Pipe 
A n 


American-Marietta Co 
American Pipe & Construction Co 


Gray Concrete Pipe Co., Inc 

Li > Co 

N | Pipe Ltd. (Canada) 
I dC Assn 

I sro 

Vulcan Materials Co 

Pipe, Fiber 

) 


onor Products Co. 
Pipe Fittings 

erican Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 


Keasbey & Mattison Cx 

Nat Sewer Pipe Ltd. (Canada) 
Pr a 

Rot Product Co 


ith-Blair, Inc 

U.S. Pipe & Foundry Co 

Wedge-Lock Clay Pipe Mfrs 

R. D. Wood 

Pipe Jointing Materials (see 
Jointing Materials) 

Pipe, Plastic 

Amercoat Corp 

Evanite Plastic Co. 

Pipe, Repairs 

Ce e Corp 

Smith-Blair, Inc. 

Pipe, Steel 

American Pipe & Construction Co. 

Armco Drainage & Metal Products, 


Inc. 
Keasbey & Mattison Co. 
4. O. Smith Corp 


Plastic Pipe Products 
Arr 


Plastic Co 


ublications 
erican City Magazine 
eering News-Record 
Liverpool University Press (England) 
Public Works Magazine 
Wastes Engineering 
Water & Sewage Works 
John Wiley & Sons, Inc 


Pump Controls 
Builders-Providence Div., B-I-F In- 
Burgess-M 


anning Co., Penn Instru- 


General Electric Co 


] Cc 
Wes t sah use Electric Corp 
Worthington Corp 
Zimmer & Francescon 


| 
| 
\ e& ¢ 4 
k-Belt ( 
A. } 
| 
| Ke Co 
} 
Perr 
Chicago Pump Co. 
‘ Fischer & Porter Co. 4 
| Foxboru Co fe 
| Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 
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STANDARD METHOD 
lith Epition 


e@ NEW TITLE 


e JOINTLY PRODUCED 


e DETAILED COVERAGE 


e NEW COVERAGE 


e ORDER NOW 


e USE THIS COUPON 


> 


Standard Methods for the Examination of 
Water and Wastewater. 


American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL 
4435 Wisconsin Avenue, Washington 16, D. C. 


Publication: STANDARD METHODS FOR THE 
EXAMINATION OF WATER AND 
WASTEWATER, lith Edition. 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 
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Pumps, Airlift 
Davco Corp 
Walker Process E« 
Pumps, Chemical Feed 
Proportioneers Div., 
Pumps, Gas 
Roots-Connersville Blower, 
Dresser Industries Inc 
Sutorbilt Corp. 
Pumps, Grit 
Nagle Pumps, Inc 
Pumps, Sewage 
Alpha Ltd. (Switzerland) 
American Wel! Work 
Aurora Pump Div., 
Air Brake Co 
Chicago Pump Co 
Davco Corp 
Eimco Corp 
Fairbanks, Morse & Co 
Gorman-Rupp Co 
Infilco Inc 


lipment 


Inc 


Div 


B-I-F Industries 


of 


The New York 


Marlow Pumps, Div. of Bell & Gi 
sett Cr 

Smith & Loveless 

Sutorbilt Corp 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Ce 

Worthington Cory 

Yeomans Brothers Ce 

Zimmer & Francescor 

Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co 

Ralph B. Carter (¢ 

Chicago Pur 

Dorr-Oliver 

Eimco Corp 

Fairbanks, Morse & ( 

Gorman-Rupp 

Hardinge Co., Inc 

Infileo Inc 

Komline-Sanders« Engr. Corp 

Marlow Pumps, Div. of Bell & Gx 
sett 

Nagle Pumps, Inc 

Sutorbilt Corp 

Wallace & Tic an Inc 

Wemco Div., Western Machinery C 

Worthington Cory 

Yeomans Brothers Cx 

Zimmer & I t 

Pumps, Vacuum 

Roots-Connersville Blower, Div 
Dresser Industries Inc 

Sutorbilt Corp 

Pumps, Water 

American Well Works 

Aurora Pump Div The New York 
Air Brake Cec 

Ralph B. Carter ¢ 

Chain Belt ¢ 

Chicago Pump Co 

Eimco Corp 

Fairbanks, Morse & C 

Gorman-Rupp ¢ 

Marlow Pumps, Div. of Bell & Go 
sett ( 

Wallace & Tiernan Inc 

Worthington Cory 

Yeomans Brothers ¢ 

Zimmer & Francescon 

Radiation Monitoring Equip- 
ment 

Westinghouse Electric Corp 

Radios, Mobile 

General Electric ¢ 

Recorders al ee |i ent 
Recording, and (¢ trol 

Builders-Providence Div B-L-F i 
dustrie 

Burgess-Manning Co., Penn Instru 


ments Div 
Fischer & Porter Co. 
Fisher Scientific Co 
Foxboro Co 
General Electric Co 
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nts Div 


Refractory Building Materia 
Carborundum Ce 

hns-Manville Sales Corp 
Robinson Clay Product Co 
Stebbins Engr. & Mig. Co 


Safety Equipment 
Vapor Recovery Systems Co 


Sampling Equipment 
ump ( 


Infileo Ir 
Lakeside Engineering Corp 


Sand, Gravel, and Stone 
Graver Water Conditioning Co 
Vulcan Materials Cc 


Screening Equipment 
Alpha Ltd. (Switzerland) 
Ameri 


in Well Works 
Belt ¢ 


Chicago Pump C 
Dorr-Oliver I 

Ein Corp 

Infil Ir 

Jeffrey Mig. 

Link-Belt 

Walker Process Equipment Inc 
Zimn er & Francescon 


Sedimentation Equipment 
larifier Equipr 

d Switzerland) 
in Well Work 
B. Carter 
ain Belt ¢ 
rr-Oliver Inc 


nent) 
Ltd 


imco Cort 
Graver Water Conditioning Co 
lardinge Co., Inc 

Mig. ¢ 


1e-Sanderson Engr. Corp 
ide Engineering Corp 

It Ce 

Proce Equipment Inc 


Brothers 

Sewer Cleaning Equipment 
Flexible Inc 

Homestead Valve Mig. C 
National Water Main Cleaning Ce 
W. H. Stewart, Inc 


oneywell Regulator 


Is 


Sewer Inspection (see Inspectior 


Sewers) 


Shredders (also see Comminuts 


and Grinders) 
Alpha Ltd. (Switzerland) 
Chain Belt Ce 
r-Oliver Inc 
ndler Crusher & Pulverizer Co 
oy Mfg. Cx 
nans Brothers Co 


Siphons 
Ipha Ltd. (Switzerland) 
American Well Works 

1 B. Carter Co 
I Cory 
I Ir 
] le Engineering Corp 
I f Flush Tank Co 
Yeomans Brothers C« 
Ss 
I 
\ 


& Research Corp 
Sludge Flotation Equipment 
Flotation Equipment) 


Sludge Handling and Control 
Cha 


selt 


& Research Corp 
Equipment Inc 


(see 


Zimmerman 


Process Div. of Sterling 
Drug Inc 


Sludge Removal Equipment 

Jeffrey Mig. Co 

Link-Belt C« 

Webster Mfg., Inc 

Zimmerman Process Div. of Sterling 
Drug Inc 

Sludge Shredders 

Alpha Ltd. (Switzerland) 

Gruendler Crusher & Pulverizer Co 

Jeffrey Mfg. Co 

Sprockets 

Chain Belt Co 


Li 

Webster Mfg., Inc 

Steel Pipe Products 

Armco Drainage & Metal Products, 
In 

Structural Metal 

Alpha Ltd. (Switzerland) 


Switchgears 
Alpha Ltd. (Switzerland) 
Gener Electric (¢ 


use Electric Corp. 


s Moines Steel Co. 
reload Inc 

A. O. Smith Corp 

Stebbins Engr. & Mfg. Co. 


Pools 


Flexible Inc 


Transformers 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westingh ectric Corp 


Trickling Filter Equipment (see 
Equipment, Filter) 


Trucks and Tractors 
imco Corp 


Turbines 
Worthington Corp 


Vacanm Filters (also see Filters, 
Vucuum ) 

Bird Machine Co 

Dort 

Fir Corp 

Komline-Sanderson Engr. Corp. 

Proportioneers Div., B-I-F Industries 


Valves and Gates 
Armco Drainage & Metal Products, 


Builders-Providence Div., B-I-F In- 
dustries 

Chapman Valve Mig. Co 

DeZurik Corp 

Filtration Equipment Corp 

tead Valve Mig. Co 

ustrial Materials Co 


Blower, Div. of 


ustries Inc 
Simplex Valve and Meter Co 
A. P. Smith Mfg. Ce 


Westinghouse Electric Corp 

W-K-M Division, ACF Industries, 
Inc 

R. D. Wood ¢ 

Ve ins Brothers C 


Vessels (see Tanks) 


Weighing Devices 

Builders-Providence Div., B-I-F In 
trie 

Fairbanks, Morse & Co 

Fisher Scientific Co 
] € 


Wallace & Tierr Inc 


gee 
: 

Brown Instrume 

Ohmart Corp 
Lat Wallace & Tiernan Ir 
| 
Westingh 
Worthington Cor; 
Tanks 
: Chain Belt Co : 
| Link-Belt ( 

| 

Lak 
W 

| 
| 
| 
} : 
I Valv 
€ Mueller Cr 

Rockwell Mfg. Co 

Roots-( esvile 

| 

Eimec C rp. 

Jeffrey Mig. Co 

Nichols Engr 

Walker Proce : 


WPCF publications 


Safety in Wastewater Works 


Contains information on hazards, acci- 


Sewage Treatment Plant Design 


Prepared jointly by the Federation and 


dent statistics, rescue methods, safe prac- ASCE. Detailed presentation of the sub- 
tices, and equipment. 56 pages. $0.75 ject. 375 pages. $3.50 to members; $7.00 
to members; $1.50 to others. Order as to others. Order as Item MOP-8.* 
Item MOP-1.* 

Design and Construction of 


Utilization of Sewage Sludge as 
Fertilizer 


Sanitary and Storm Sewers 
Prepared jointly by the Federation and 


An authoritative evaluation of advan- ASCE. Detailed presentation of the sub- 
tages and limitations of sludge as a soil ject. 283 pages. $3.50 to members; $7.00 
conditioner. 120 pages. $0.75 to mem- to others. Order gs Item MOP-9.* 
bers; $1.25 to others. Order as Item 
MOP-2.* 


Chlorination of Sewage and In- 
dustrial Wastes 


Reviews history, development, and up-to- 
date technique of chlorine application. 90 
pages. $1.00 to members; $1.25 to others. 
Order as MOP-4.* 


Air Diffusion in Sewage Works 


History and modern practice in design, 
installation, operation, and maintenance of 
diffuser systems and appurtenances. 75 
pages. $1.00 to members; $1.25 to others. 
Order as Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 

Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 


treatment. 8 pages. $0.25 to members; 
$0.50 to others. Order as Item MOP-6.* 


Sewer Maintenance 


A quide for maintaining a municipal or 
industrial drainage system in serviceable 
$1.00 to members; 
Order as Item MOP-7.* 


condition. 64 pages. 
$1.50 to others. 


Water Pollution Control Federation 
4A&35 Wisconsin Avenue, Washington 16, D. C. 


Twenty-Year Index to Sewage 


Works Journal 


Covers Sewage Works Journal, 


1948. Author, 
144 pages. 
as Item Dex-20. 


subject, 


1928- 


and geographic. 
Buckram bound, $3.00. Order 


Ten-Year Index to Sewage and 


Industrial Wastes 


Covers Sewage and Industrial 
1949-1958. Author, subject, 
graphic. 
paper, $3.00. Order as Item Dex 


Glossary—Water 
Control Engineering 


and 
168 pages. Buckram, $4.00; heavy 


Wastes 
geo- 


-10. 


and Sewage 


Prepared jointly by the Federation, ASCE, 


AWWA, and APHA. 


2,600 terms per- 


taining to nomenclature. 274 pages. 
$1.00. Order as Item Gl. 
Binder 

Multiple wire, 2-in. capacity, for all 
MOP’s listed except 8 and 9. $2.00. 


Order as Item Bi.* 


* Discount of 15% on orders for 12 or 


more of any one manual. 


Member Association 
If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 


| Copies | Cost_| Item Copies | Cost || Item _| Copies} Cost _ 

MOP-2 MOP-7| | 

| “MoP-4 || MOP-8 | | | 

| Enclosed is remittance for $ 

| Print Name 

| 

| City Zone State 

| 
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| 
| 
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Equipment and Supply Lines 


Trickling Filters—ltotary distribu 
tors for trickling filters up to 200 ft 
in diameter are described in Bulletin 
6505 of the Yeomans Brothers Com- 
pany, 1999 N. Ruby St., Melrose Park, 
Ill. Capacity data are given for 10 
sizes of distributor arms, ranging from 
21% to 14 in. in diameter. 


Manhole Frames—\sers of manhole 
frames, gratings, and covers, manhole 
and vault hardware, catch basins, 
valve boxes, and stairways will find the 
new Apex catalog helpful and easy to 
use. Apex Steel Corporation, Ltd., 
6920 E. Slauson Ave., Los Angeles 22, 
Calif. 


Catalytic combustion unit. 


Odor Control—The Catalytie Com 
bustion Corporation, 4725 14th St., De- 
troit, Mich., offers a metallic-supported 
catalyst incorporated in a sheet-metal 
housing for low temperature oxidation 
of noxious waste gases. 


Pumping Stations—Komline-Sand- 
erson Engineering Corporation, Pea- 
pack, N. J., is currently offering a fac- 
tory-assembled, prefabricated sewage 


pumping station incorporating either 


pneumatic ejectors or centrifugal 


pumps. The stations also inelude 
access ladders, lights, dehumidifier, 
blower, and sump pump. 


Light Control—Photoelectrie cover- 
plate switches automatically turn 
lights on at dusk and off at dawn. A 
time delay prevents lights from being 
turned off by a momentary flash of 
light such as from ear lights. The 
totally enclosed switch with cover plate 
fits standard outlet boxes.—Eleetrie 
Kontrols, Inc., Geneva, Il. 


Vacuum Filter—A_ new, horizontal, 
continuous vacuum filter uses a new 
type of vacuum seal with no movable 
valves and a corrosion-resistant, see- 
tionalized drainage belt which permits 
close separation of filtrates. The filter 
media is aligned at all times and may 
be washed on both sides continuously 
or intermittently.—Straight Line Fil- 
ters, Ine., Box 291, Wilmington, Del. 


Horizontal vacuum filter. 


‘) 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Prot/lems 
City Planning, Highways, Bridges and Alrports 
Dams, Flood Control, Industria! Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 


Charles B. 


Water Works, 
Flood Relief, 


Disposal 


Civie Opera Building 


Engineers 
Burdick Louis R. Howson 
Donald H. Maxwell 
Water Purification, 
Sewerage, Sewage 
Drainage, Appraisals, 
Power Generation 


Chicago 


ompany 
Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection aad 
Disposal, Refuse Collection and Disposai, Dra:n- 
age, Highways and Bridges. 


Hartford, Conn Boston 14 


ANDERSQ@N-NICHOLS 


JOHN J. BAFFA 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 


De: 


Investigations & Rate Studies 
75 West Street 


Consulting Engineer 


sign Plans & Specifications 


New York 6, N. Y. 


MICHAEL BAKER, JR., Ine. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers 
Systems 


and Maps 


4irport Design—Sewage Diaposal 
Water Works Design and Operation—Sureeya 

City Planning—Highway Design—Conatr ac- 
tion Surveys—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Fa. 


Water Supplies 
Sewer Systems 
Industrial Waste Treatment 


P. O. Box 166 


BAXTER AND WOODMAN 


Civil and Sanitary Engineers 


Water Treatment 
Sewage Treatment 


Investigations 


Crystal Lake, Hiinots 


THOMAS W. BEAK 
Consulting Biologist 

Pollution Studies 

Stream and Lake Surveys 

Toxicity Tests 

Biological and Chemical Analyses 


Ambherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 


G. 8. Bett 


Sewerage 


Sewage Treatment 
Refuse Disposal 


553 S. LIMESTONE ST., LEXINGTON, KY. 


G. GatrHeR J. K. Larnam 


Finney, Jr. 


Water Works 
Water Purification 
Swimming Pools 
Industrial Wastes 


BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 


215 N.E. 23rd Oklahoma City 


Established 1909 


BETZ LABORATORIES, INC. 


Consulting Engineers 


Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa. 


Industrial Waste 
Industrial Water 


It pays to secure competent and experienced professional advice! 


i 
righ 
INF 
NE 
7 


O64a 


JOURNAL 


WPCF 


PROFESSIONAL 
SERVICES 


BLACK & VEATCH 
Consulting Engineers 
Sewage — Gas ~ Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 


CLINTON L. Bor 
DonaLp M. Dit 


CHARLES A, MANGANARO 


Water & Sewage 


Drainage 
Highways and 


145 East 32nd 


MARS 


Works 


Bridges 


Street, 


IvaAN L. BOGERT 
ROBERT A, LINCOLN 
WILLIAM MARTIN 


Incinerators 


Flood Control 


Airfields 


New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
75 West St. 1000 Farmington Ave. 
New York 6, N.Y. West Hartford 7, Conn. 


Water 


Structures 
Reports 


Santa Ana, Calif. 


331 Spurgeon Bidg. 


Sewers — 


BOYLE ENGINEERING 


Consulting Engineers 


Streets 


Surveys 
Special Districts 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 


Industrial Waste Control and Treatment 


Laboratory Services 


DES MOINES, IOWA 


508 TENTH STRE 


ET 


FLOYD G. BROWNE AND ASSOCIATES 
F. G. Browne S. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W.H. Kuhn 
Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervision, Investigations, 
Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street 


New York 3, N. ¥. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


4600 E. 63rd St. Trafficway 


Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 


Take advantage of the services of these outstanding consultants! 
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CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


PROFESSIONAL 
SERVICES 


JOHN A. CAROLLO 


Consulting Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 
Phoenix, Arizona 


2168 Shattuck Ave. 
Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—-Gas Systems 
Valuations—Rates—-Management 


aboratory 


601 Suismon St., Pittsburgh 


12, Pena. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—F lood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. 


Chicago 11, Ill. 


CRAWFORD, MURPHY & TILLY 


Consulting Engineers 
TRAFFIC PROBLEMS—SWIMMING POOLS—SEWERS 


SEWAGE TREATMENT—WASTES TREATMENT 


WATER WORKS—RESERVOIRS 
FLOOD CONTROL— AIRPORTS 


HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 
Springfield, Iilinois 


755 South Grand West 


DRAINAGE 
STREETS 


Damon & Foster 


Consulting Civil Engineers and 
Survevors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


ROY B. EVERSON 


Sanitary and 
Hydraulic 
Engineer 


Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 1900 


Valuations — Reports— Research 


Development 


207 W. Huron St., Chicago 10, Tl. 


SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Sewage Treatment—-Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators 
Airports—Bridges—Express Highways— Port and 
Terminal Works—Industrial Buildings 


11 Beacon Street 


Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


CONSULTING ENGINEERS 


Water Supply, Water Treatment, 


Sewerage, Sewage Treatr 
Industrial Waste Treats 


2130 Madison Avenue 


nent, 
nent 


Toledo 2, Ohio 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 12, La. 


816 Howard Avenue 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 


bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 


HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


Consult these specialists for 


professional assistance! 
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PROFESSIONAL 
SERVICES 


GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 
PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.0. Box 1498 
New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Illinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 


H. R. Green 
C. D. MuLtinex G. R. HotcuKiss 
A. SAMPSON H. A. MILLER 
G. C. AHRENS B. W. Grirrita 


Water, Sewerage & Industrial Wastes 
Public Works & Industrial Projects 
Green Engineering Building Cedar Rapids, lowa 


L. B. GRIFFITH 
CONSULTING ENGINEER 


Research, Reports and Designs on Sew- 
age and Industrial Waste Treatment. 


450 West Broad St. Falls Church, Va. 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage Industrial Wastes—Hydraulies 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 


A. A. Burger H. H. Moseley 

J. W. Avery F. S. Palocsay 

E. S. Ordway G. H. Abplanalp 
A. M. Mock S. H. Sutton 


Frank C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LARBORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, 0. New York 7, N. ¥ 


HAZEN AND SAWYER 
ENGINEERS 
Ricnarp Hazen Acerep W. Sawyer 
H. E. Hupson, Jn 
Water and Sewage Works 
Industrial Waste Disposal 


Drainage and Flood Control 


360 Lexington Ave., New York 17, N. ¥. 


ANGUS D. HENDERSON 
Consulting Engineers 

Anocus D. Henprenson Tuomas J. Casey 
Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
355 Knollwood Ave., Douglaston, L. I., New York 


HENNINGSON, DuRHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports lood Contre Appraisals, 
Jrainage, Industrial Work 
2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


Take advantage of the services of these outstanding consultants! 
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George E. Hubbell 


HUBBELL, ROTH & CLARK, Inc. 
Consulting Engineers 


Sewage and Industrial Waste Treatment 


Sewerage and Drainage Systems 


954 N. Hunter Blvd. 


Albert Roth 
Theodore G. Biehi- George S. Roth 


Birmingham, Michigan 


Homer W. Clark 
James W. Hubbell 


PROFESSIONAL 
SERVICES 


GRIT AND HEAVY SLUDGE REMOVAL 


CONCRETE RESTORATION 


SEWAGE AND WATER WORKS 
HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


Planning—Design 


East Coast 
20 Point Creseent 
Whitestone 57, N.Y. 


WILLIAM T. INGRAM 
Conaulting Engineer 
Sanitary and Public Health Engineering 

—Research—-Water 
Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 


Offices: 


1392 King Ave. 


The Jennings-Lawrence Co. 


Civil and Municipal Engineers 


Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


West Coast Reports— Design—Construction 
90 Panoramic Way 
Walnut Creek, Calif. 


Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 


Consulting Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. 


Toledo 6, Ohio 1080 Atlantic Ave. 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 


E. B. BESSELIEVRE, 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 


Toledo 1, Ohio 


Investigations, 


Los Angeles 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Reports, Design 
Supervision of Coustruction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 
Salt Lake City Tacoma 


1312 Park Bldg. 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


Pittsburgh 22, Pa. 


Investigations, Reports, Designs 
Sewerage & Sewage Treatment 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 


Water Supply & Water Treatment Reports, Designs, 


Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


1100 South Broad St. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Supervision 
Of Construction and Operation 


Chemicai & Biclogical Laboratory 


Trenton, N. J. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SER VICES 


LOCKWOOD, KESSLER & BARTLETT, INC. 
CONSULTING ENGINEERS 
Water, Sewage, Industrial Wastes, Incinerators, 


Water Pollution Studies, Municipal Engineering, 
Aerial Mapping, Highways, and Bridges 


Syosset, New York - San Juan, Puerto Rico 
Bogota, Colombia 


Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


CHARLES A. MAGUIRE & ASSOCIATES 
Sewage Collection and Disposal 
Water Supply and Distribution 


Drainage, Refuse and Pipelines 


14 Court Square Boston 8, Mass. 
1100 Turks Head Building Providence 3, R.1I. 


GEORGE B. MEBUS, Inc. 
Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


BROAD STREET YRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


JAMES M. MONTGOMERY 


Consulting Engineers, Inc. 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design —Operation 


535 BE. Walnut St. Pasadena, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffale, N. ¥. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 


400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
"SEADE & DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural Power - Transportation 


165 Broadway New York 6, N.Y. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, III 
Consulting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 


Malcolm Pirnie Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 
Water Supply Water Treatment 
Sewage and Waste Treatment 
Drainage Rates Refuse Disposal 
25 West 43rd Street 2910 Grand Central Ave. 
New York 36, N.Y Tampa 9, Florida 


Consult these specialists for professional assistance! 
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Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 

& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
Paterson 1, N. J. 


36 De Grasse St. 


PROFESSIONAL 
SERVICES 


RADER AND ASSOCIATES 
Engineers and Architects 


Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Work 


The First National Bank Building, 
Miami 32, Florida 


REAVES & GREGORY 


Consulting Engineers 


Paut C. Reaves 
D. Grecory 


3332 West Seventh 


Fort Worth 7, Texas 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
Journat. This is where potential 
clients seek professional assistance. 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Ilant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 


Analyses 
369 E. 149th St. New York 55, N.Y. 


Haven 5-2424 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
{ 2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers- Architects 


Investigations - Design - Supervision of 
‘onstruction Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions - Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 


Tngineers 
C/ Since 1902 
GREENVILLE. SOUTH CAROLINA 


Design, Reports, Consultations 
Water Supply and Treatment 


Sewage and Industrial Waste Treatment 
Stream Pollution Surveys 


Chemical and Bacteriological Analyses 


SMITH and GILLESPIE 


Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


STANLEY 
ENGINEERING COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Mlinois 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 
Civil — Sanitary — Structural 


401 N. Federal Mason City, Iowa 


J. STEPHEN WATKINS 
J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 
446 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers 


Water, Sewerage and Drainage Works 
[ucinerators 
Sanitary, Industrial Wastes—Treatment, Recovery 
Erosion, Flood and Waterfront Works 
Reports — Design Supervision 


235 East 45th St. New York 17, N. Y. 


ROY F. WESTON, INC. 
Engineers—Biologists—-Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 


Surveys—Research— Development— Process 
Engineering Plans and Specifications — 
Operation Supervision — Analyses Evalua- 


tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 


Vastes Treatment 
ution Studies 
Valuation 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 
ENGINEERS & ARCHITECTS 
Investigations —- Planning — Design 

Water, Sewerage, Streets, Highways, Bridges, 
Electrical, Airfields, Drainage, Dams, 
Treatment Plants, Industrial Installations 
Chemical Testing Lab Aerial Mapping 
Electronic Computer Services, Reproductions 
631 East Crawford - - Salina, Kansas 
2930 Geo. Washington Ave., Wichita, Kansas 


Consult these specialists for professional assistance! 
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American Concrete Pressure Pipe Association 
Anaconda American Brass Company 

B-1-F Industries, Incorporated 

Cast Iron Pipe Research Association 
Chicago Pump Company 

Combustion Engineering (Raymond Divis sion) 
Daveo Corporation 
Dorr-Oliver Incorporated 
Fischer and Porter Company 
Flexible Incorporated 


INDEX TO ADVERTISERS 
(See pages 654a, 656a, 658a, and 660a for full listing of products.) 


General Chemical Division (Allied Cc he mical Corporation) 


Gorman-Rupp Company 
Homestead Valve Manufacturing C ompany 
Inertol Company, Incorporated 


Iowa Valve Company (Subsidiary of James B ‘Clow and Sons) 


Johns-Manville Sales Corporation 
Lock Joint Pipe Company 
National Water Main Cleaning Company 


Nichols Engineering and Research Corporation 


Pacific Flush Tank Company 
Piaudler Permutit Incorporated 


Sutorbilt Corporation (Subsidiary of Fuller Company) 


Tennessee Corporation 

United States Pipe and Foundry Company 
Vapor Recovery Systems Company 

Walker Process Equipment Incorporated 
Wallace and Tiernan Incorporated 

Western Machinery Company 


Albright & Friel, Inc 
Alvord, Burdick & Howson 
Anderson-Nichols & Co 

Baffa, John J. 

Baker, Michael, Jr., Inc 

Baxter and Woodman 

Beak, Thomas W 

Bell, Howard K 

Benham Engineering Co 

Betz Laboratories, Inc 

Black & Veatch 

Bogert, Clinton, Engineers 

Bowe, Albertson & Associates 
Boyle Engineering 

Brown and Caldwell 

Brown Engineering Co 

Browne, Floyd G., and Associates 
Buck, Seifert and Jost 

Jurgess & Niple 


Burns & McDonnell 


Camp, Dresser and McKee 

( Engineering Corp 
Carollo, John 

Chester Engineers, The 
Consoer, Townsend & Associates 
Crawford, Murphy & Tilly 
Damon & Foster 

Everson, Roy B 

Fay, Spofford & Thorndike, Inc 
Finkbeiner, Pettis & Strout 
Fromherz Engineers 

Gannett Fleming Corddry & Carpester 
Gibbs & Hill, Inc 

Gilbert Associates, Inc 

Greeley & Hansen 

Green, Howard R., Cr 
Griffith, L. B 

Haskins, Riddle & Sharp 
Havens and Emerson 

Hazen and Sawyer 

Henderson, Angus 
Henningson, Durham & Richardson, Inc 


Horner 
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Jack-knife Headers 


— for easy inspection 


Self-cleaning 


Diffusair SPARJERS combine controlled air bubble release with 


increased tank turbulence and circulation velocities to provide 


Metering Orifices | 


— for uniform, clog-proof 
operation 


the most efficient oxygenation media available. In developing 
the SPARJER, Walker Process Engineers thoroughly investigated 


all factors involved in the complex process of aeration and oxy- 


Clustered Orifice 


Diffusion absorption, no back pressure build-up to impair blower perform- 


genation. As a result the thousands of SPARJERS installed in 


hundreds of installations during the past decade feature high O 


— for controlled turbulence and ance and low cost operation 
intra-floc oxygenation 


JACK-KNIFE pivotal headers are of- 
fered by Walker Process to provide a 
convenient and economical method of 
installing SPARJERS without extensive on-the-job pipe work. 
Walker Process JACK-KNIFE headers include extra heavy 
swivel joints that will not bind or freeze and an exclusive hy- 
draulic hoisting mechanism. This rugged but simple lifting as- 
sembly is easily handled by one man. 

Write factory at P.O. Box 266, Aurora, Ill. for equiqment recom- 


mendations and details for your aeration project. Also, ask for 
bulletin 22-S-96 describing the new PLATETt BE porous diffusers. 


WALKER PROCESS EQUIPMENT INC. 


a leader in equipment for... 
SEWAGE TREATMENT e WATER TREATMENT @© INDUSTRIAL WASTE TREATMENT 
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OVER 50 YEARS 
EXPERIENCE 


LOCK JOINT 


RUBBER and CONCRETE JOINT 


RUBBER GASKET— 


CIRCUMFERENTIAL 


REINFORCEMENT 


‘ 


LONGITUDINAL 

REINFORCEMENT 


4 


NOMINAL PIPE J 
OiAMETER —— 


SEWER AND CULVERT PIPE PLANTS: 


ulworth, N. J. 
tford, Conn 

w Haven, Conn. 
alo, N. Y. 
hester, N. Y. 
ewater, Fla. 

mi, Fla. 

Palm Beach, Fla 


Beloit, Wis. 
Chicago, 
Rock Island, lil. 
Valley Park, Mo 


N. Kansas City, Kans. 


Tulsa, Okla 
Oklahoma City, Okla 
Wichita, Kans 


Denver, Colo. 
Cheyenne, Wyo. 
Casper, Wyo 
Tucumcari, N. Mex. 
Hato Rey, Puerto Rico 
Carolina, Puerto Rico 
Ponce, Puerta Rico 
Caracas, Venezuela 


Delivery of Roller Suspension Sewer Pipe 1960. 


A pioneer in the concrete pipe industry, Lock Joint Pipe 
Company has devoted over half a century to the 
development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
The unique process used in the manufacture of this pipe 
produces concrete walls of unusual density and abrasion 
resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 
tion, and flexibility. Produced in standard 8’ lengths, it 
ranges in diameter from 12” to 72”. 


Lock Joint also produces machine made and cast pipe 
ranging in diameter from 6” to 120”, and even larger if 
required. All pipe may be designed to comply with 
A.S.T.M., State Highway or individual specifications. 


JOINT PIPE Co. 


East Orange, New Jersey 


Pressure « Water + Sewer » REINFORCED CONCRETE PIPE « Culvert » Subaqueous 
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Delivery of Havana Sewer Pipe 1907 
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WaT COMPOUND-LOOP CONTROL 


By residual analysis and information feedback, Wallace & Tiernan 
Compound-loop Control adjusts chlorinator feed rates to changing water 
flows and chlorine demands. You can add W&T Remote Residual Re- 
cording and Controlling Components throughout your water system and 
centralize control at any desired location. You select the desired residual 
on a central panel and the Compound-loop System maintains that residual 
faithfully. 


Remote recording by W&T gives you duplicate residual records and 

ee minute-to-minute information where it helps guide operation. Remote : 
$ controlling by W&T lets you adjust a chlorinator miles away. And W&T 

Remote Components adapt to almost any system, any type of control. 


With remote residual recording and controlling by Wallace 
iss & Tiernan you centralize control...save time and operating ex- 

f pense...extend the advantages of the Compound-loop method. 
q 


For more information, write Dept. S-142.84 x 


= WALLACE & TIERNAN INCORPORATED 
== 25 MAIN STREET. BELLEVILLE 9. NEW JERSEY -_ 
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